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The statements and views presented in these proceedings are
those of the authors and of the workshop participants, and do not
necessarily represent the views or policies of the International Joint
Commission, Research Advisory Board and Pollution from Land Use
Activities Reference Group. Mention of trade names or commercial
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In April 1972 the United States and Canada signed the Great Lakes
Water Quality Agreement. The responsibility for the implementation of this
Agreement was assigned to the International Joint Commission. The International
Joint Commission was established pursuant to the Boundary Waters Treaty of
1909. Its operating concept assumes that solutions to boundary waters problems
should be sought by joint deliberations of a permanent tribunal of three
Canadians and three Americans.
Under the terms of the Agreement a Research Advisory Board was
established to advise the International Joint Commission on a continuing
basis on matters relating to ongoing research and research needs related to
Great Lakes Water Quality. Another group, with a defined lifespan of five
years was also established — the International Reference Group on Great
Lakes Pollution from Land Use Activities (PLUARG). The PLUARG was charged
with answering the following questions:
(1) Are the boundary waters of the Great Lakes System
being polluted by land drainage (including ground and
surface runoff and sediments) from agriculture, forestry,
urban and industrial land development, recreational and
park land development, utility and transportation systems
and natural sources?
(2) If the answer to the foregoing question is in the
affirmative, to what extent, by what causes, and in what
localities is the pollution taking place?
(3) If the Commission should find that pollution of the
character just referred to is taking place, what remedial
measures would, in its judgement, be most practicable and
what would be the probable cost thereof?
The Commission is requested to consider the adequacy of existing
programs and control measures, and the need for improvements thereto,
relating to:
(a) inputs of nutrients, pest control products, sediments,
and other pollutants from the sources referred to above;
(b) land use;
(c) land fills, land dumping, and deep well disposal practices;
 
 (d) confined livestock feeding operations and other animal
husbandry operations; and
(e) pollution from other agricultural, forestry and land
use sources.
In carrying out its study the Commission should identify deficiencies
in technology and recommend actions for their correction.
The PLUARG, in its Study Plan of 1974 established a series of pilot
watershed studies and other special land use studies in the United States
and Canada to assess the impact of land use on water quality as related to
river loadings to the Great Lakes. It was recognized that a variety of
nutrients and contaminants are transported both by mineral and organic
sediment. A better understanding of sediment—associated nutrient and
contaminant transport in streams in time and space was needed to assess
their impact on the Great Lakes.
The PLUARG therefore referred this matter to the Research Advisory
Board as the IJC's principal advisor on Great Lakes research. An evaluation
was requested of the state—of—the-art of this topic together with recommendations
for further research. The Board in turn decided to sponsor this workshop to
synthesize current research and to identify research needs on nutrient and
contaminant transport by sediment within fluvial systems. Clarification was
sought on the interrelationships of source, in—channel storage, resuspension
and transport mechanisms with long—term, seasonal and single-event flows,
and including an examination of the interaction of sediment and water chemistry
on key nutrients and contaminants.
The Research Advisory Board anticipated positive recommendations
from this workshop not only in terms of research needed, but of how the
research that has been done can be put to use to solve Great Lakes water
quality problems. These recommendations moreover, would be sufficiently
succinct for clear-cut decisions by the Commission to advise appropriate
Governmental action.
It is intended that the recommendations in these proceedings will
have an immediate effect on PLUARG studies and a longer term influence on
the Great Lakes research community.
Dr. Harvey Shear
Dr. Andrew E. P. Watson
International Joint Commissn





 For the City of Kitchener:
Mrs. Edith Muclntosh
Mayor of Kitchener
Good Morning. It is my pleasure to welcome you here today. I
bring greetings on behalf of Kitchener to all of you who are involved,
interested and concerned in this workshop on pollution from land use act-
ivities. I was looking over your program and I note that your purpose,and
I am quoting, "is to synthesize current research and to identify research
needs on nutrient and contaminant transport by sediment within fluvial
systems". Further, you will be "clarifying the interrelationships of source,
in-channel storage, resuspension and transport mechanisms with long term,
seasonal and single-event flows, including an examination of the interaction
of sediment and water chemistry on key nutrients and contaminants". I looked
at that and I wondered what it all meant. Well, to me it meant, that,
for instance, ten years ago at our cottage on the Bruce Penninsula, I could
walk down to the shoreline, dip a pail into the water and take a drink.
Today I can't do that. My hope is that with your expertise it will be
possible in the not too distant future to drink Georgian Bay water again.
I brought with me our latest report on the bacterial examination
of drinking water and as I mentioned, ten years ago we could drink the water.
Whenever we had it tested it came back A number 1. Today, it has a very
high coliform bacteria count. It is rather disturbing.
During my term as National President of the Consumer's Association
of Canada, the soap bubble conditions in the Great Lakes area was a major
issue. Canadian consumers fought for the ban on phosphorus in detergents in
cooperation with the International Joint Commission. I have been told that
this is still a problem. I understand that the Grand River watershed is
one of the three major Canadian watersheds selected for intensive study
under the PLUARG program. You, as invited experts, will be seeing first
hand I hope, the work being done in the Grand. You maybe wondering why I
was carting around these two huge volumes. Here are 700 pages of the very
latest information just tabled this week on what is being done in the Grand
River Basin.
Mr. Chairman, delegates, I would like to issue a very warm welcome
to all of you. I know you have come from different countries and from
across the province and from other provinces. I hope you have a very success—
ful workshop here and we are glad you chose Kitchener. Again, welcome to
everyone.
 For PLUARG























































































































































































































































































































































































































































































































































































































































































































































































































































































For the Research Advisory Board
Dr. A. R. LeFeuvre
Director

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Natural Sheet and Channel Erosion of Unconsolidated Source




This brief discussion of erosion processes and the origins,
sources and delivery characteristics of sediment within the fluvial system
aims to provide an introductory background to some of the questions assoc—
iated with a discussion of sediment—associated contaminants and nutrients.
It is concerned essentially with suspended sediment and more particularly
the wash load portion of total sediment load,l because fine grained sediment
is in general the most chemically active. Consideration of the topic can
be usefully structured under four headings: first, the general geomor—
phological context; secondly, the process mechanisms involved; thirdly, the
integration of these processes into the watershed and the spatial character—
istics of catchment response, and lastly, the resultant in terms of the
temporal pattern of sediment delivery from a watershed.
THE GENERAL GEONORPFDLOGICAL CONTEXT
The magnitude of sediment flux within the fluvial system must
reflect the general intensity of the denudation processes and in this
respect it is useful to briefly consider the global pattern. Over the past
twenty or more years, and particularly as a result of the impetus provided
by the International Hydrological Decade (1965—74), measurements of the
sediment yield of rivers in many parts of the world have become available.2
Analysis of this information can provide an insight into the range of
values exhibited at the world level and some indication of dominant con—
trolling factors. The classic work by Langbein and Schumm,3 based on
rivers in the United States, suggests that a global—scale relationship can
be established between annual precipitation and sediment yield and that the
form of the relationship can be accounted for in terms of the opposing
influences of vegetation cover and precipitation energy (Figure 1). Maximum
yields correspond to an optimum combination of these influences at a mean
annual precipitation of 300 mm. A similar pattern was found by Douglas“ in
an evaluation of the relationship between sediment yield and annual runoff
at the global level, although the inclusion of information from tropical
areas demonstrated a tendency for yields to increase again in areas of high
runoff (Figure 1). These curves are inevitably very generalised as they
take little or no account of relief, the environmental energy and other
physiographic factors. Attempts have also been made to define the controls
according to major vegetation types5 and to develop multivariate equations.
In so far as it is possible to apply these general curves, we
might expect sediment yields in the Great Lakes region to be relatively low
and to amount to approximately 100 tonnes/kmz.
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 recent Canadian survey7 which suggests that levels of 20—100 tonnes/kmZ are
characteristic of this area. The same survey provides an average value of
mean suspended sediment concentration of 50—200 mg/l. (Figure 2). A U.S.
Geological Survey compilatione depicts the area of the United States trib—
utary to the Great Lakes as exhibiting mean concentrations of less than
300 mg/l (Figure 2) which, for an annual runoff of 300 mm corresponds to
sediment yields of less than 90 tonnes/kmz. In the geomorphological context,
it can be inferred that the area under discussion is characterized by some—
what subdued erosion processes. Furthermore, it should be stressed that in
such an area it will not always be immediately obvious precisely what
processes are involved, and where the dominant sources of sediment are
located. Generalized figures on stream loads inevitably conceal consider-
able variations in sediment yield in both space and time and in order to
appreciate these more fully, the processes involved must be discussed.
EROSION PROCESSES
In considering the processes involved in sediment detachment and
entrainment, a useful distinction can be made between two major sediment
sources, namely, the land surface and the channel system. The first
reflects the action of rainsplash and surface runoff, often termed sheet
erosion, and includes the development of rills where surface flow becomes
concentrated. The second reflects the erosive power of concentrated channel
flow and includes streambank scour, streambed degradation, and floodplain
scour. Gully erosion is to some extent a link between the two in that it
could be viewed as a development of sheet and rill erosion or a headward
extension of channel erosion.
Much work on sheet erosion has been carried out by agricultural
engineers concerned with soil erosion and the influence of various cult—
ivation practices and conservation measures, and the erosion plot and
laboratory sprinkler have become well—used research tools. A distinction
can usefully be made between the four major contributing processes, namely,
splash detachment, splash transport, runoff detachment and runoff trans-
port. Many empirical and theoretical relationships have been developed for
total soil loss9 and for the component processes,10 based on rainfall and
flow properties, topography and soil character (Tables 1 and 2). Soil
erodibility has been related to various physical and chemical properties11
and factors such as the particle size characteristics, structure, permea—
bility, organic matter content, dispersion and cation exchange capacity
must be taken into account.
The Universal Soil Loss Equation12 (U.S.L.E.) developed by the
United States Department of Agriculture from over 10,000 plot years of
records has been widely applied in many environments and its form provides
a summary of the major controls on sheet erosion (Table 1). However, it
should be recognized that the equation was developed from data collected
from small plots and soil loss from a plot cannot necessarily be equated
with sediment yield from a drainage basin. If sheet erosion or soil loss
is to be estimated for individual events, rather than on a Seasonal basis,
detailed consideration of temporal variation in sediment availability both
during storms and between events is required.13 Erodibility measures
should then be thought of as dynamic rather than static indices and removal
13
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Some examples of equations describing the Sheet Erosion Process.
THE UNIVERSAL SOIL LOSS EQUATION (U.S.L.E.)
E : R.K.L.S.C.P.




































(aR + bCQ .q: ) K.L.S.C.P.
Kirkby (1969)
Musgrave (1947)
Wischmeier and Smith (1965)
Williams (1975)
Foster et al (1973)
K = Soil erodibility factor
L = Slope length factor
S = Slope steepness factor
C = Cropping factor
P = Conservation factor
G = Sediment yield
Q = Runoff volume
qp = Peak flow rate
A = Drainage area
A = Soil loss





Some examples of equations describing various components of the
Sheet Erosion Process.
RAINFALL DETACHMENT
D = S .A..12
r dr 1 2
1d = C.CosS(CosS.P - C1.d.P)
2
SS = f(KE. M .Vt )
RUNOFF DETACHMENT
( ;
Df — sir - A. S 0 Q




TRANSPORT CAPACITY OF RAINFALL
T = S . S . I
r tr
1 = T .P .Tan S
t
TRANSPORT CAPACITY OF RUNOFF
S
= s3 , 4
Tf Stf ' Q
2/
T = f( X. y. S )i
C O
INTERRILL TRANSPORT CAPACITY
Tci = Csi (Si + Cso) 6' Li (C'I)
Where:
Dr = Soil detached by rainfall
Sdr — Soil effect factor
Ai = Area of increment
I = Rainfall intensity
Id = Soil detachment rate
C = Soil type parameter
S = Angle of slope
P = Rainfall intensity
C1 = Soil parameter
d = Particle size
SS = Soil splash
KE = Kinetic energy
M = Raindrop mass
Vt = Terminal velocity of raindrops
Df = Soil detached by runoff
Sdf = Soil effect constant
Q = Flow rate
Rd = Rate of soil detachment
l6
Meyer & Wischmeier (1969)
Fleming & Fahmy (1973)
Negev (1967)
Meyer & Wischmeier (1969)
Fleming & Fahmy (1973)
Meyer & Wischmeier (1969)
Fleming & Fahmy (1973)
Meyer & Wischmeier (1969)
Bennett (1974)
Foster & Meyer (1975)
K = Soil parameter
3 = Fluid specific gravity
y = Flow depth
Tr = Splash transport capacity
Str = Soil effect constant
It = Impact transport rate
T = Parameter
Tf = Runoff transport capacity
Stf = Soil effect constant
Tc = Flow transport capacity
S0 = Local bed slope
Tci = Interrill transport capam
C , = Soil transportability co-
51 efficient
Si = Interrill slope steepness
C = Transport capacity at zem
5° slope
d = Excess rainfall rate







































































































































































significant sediment source in this region.


























































where throughflow is concentrated and where significant hydraulic gradients
exist andthis mechanism is doubtless significant for sediment removal,
although little work has as yet been carried out on its relative importance.
In contrast to sheet erosion, much less attention, both in terms
of experimental measurement and theoretical analysis has been applied to
processes of channel erosion and many of the mechanisms are poorly under~
stood. Where channels are cut in non—cohesive materials, scour will occur
along a reach if the transport capacity of the flow is not satisfied and
equilibrium transport relationships and regime theory2° could be employed
to evaluate the extent of erosion. Several studies have focused on the
factors influencing the erosion resistance of cohesive materials and the
effect of moisture content21 but there is considerable scope for appli—
cation to the field situation. A pioneering field investigation by Wolman
in 1959,22 pointed to various mechanisms of bank erosion. He found severe
erosion in winter months when high flows attacked banks that were previously
wet and he noted significant erosion from combinations of cold periods, wet
banks, frost action and rises in stage, and that freeze—thaw action also
produced some erosion without a change of stage. Subsequent work has
pointed to the importance of pre—conditioning of the banks, particularly by
wetting, before significant erosion occurs23 and Carson gt al.z“ have
developed a model of bank sediment entrainment for the spring flood in the
Eaton Basin, Quebec. This is based on simulation of changes in bank erod—
ibility, with sediment entrainment decreasing with increased duration of
flow past a point and the rate of initial entrainment closely related to
the time elapsed since that point was last submerged.
Gully development is generally associated with an imbalance in
the fluvial system such as occurs with a severe climatic event, improper
land use or changes in base level. Their growth combines the action of
concentrated surface water, alternate freeze—thaw of exposed banks and
sides and sloughing due to undercutting and waterfall retreat. Several
empirical studies of factors influencing gully growth have been carried
out25 but in general the precise mechanics of gully development are poorly
understood.
THE WATERSHED RESPONSE TO EROSION PROCESSES
In order to understand the sediment yield of a drainage basin,
the processes outlined above must be integrated into the catchment and
17
 evaluated in terms of the overall drainage basin dynamics and hydrology.
Not all the sediment eroded from a watershed will be transported out of the
basin and the ratio of gross or total erosion (T) to sediment yield (Y) is
Y
generally referred to as the delivery ratio (D), i.e. D = T, which is
usually expressed as a percentage. The delivery ratio may vary from in
excess of 90% to approaching zero and in a relatively homogeneous catchment
it will tend to decrease with increasing basin area. Several workers have
established quantitative relationships between the ratio and drainage area
and other catchment characteristics, 6 and a generalized relationship
between delivery ratio and catchment area based on such work is presented
in Figure 3. Considerations of channel routing and in-channel and flood
plain deposition and storage are involved in this characteristic of sediment
delivery but little attention has been given to the precise process mech—
anisms involved.
The relative efficacy of the various erosion processes in con—
tributing to the sediment yield is also best evaluated at the basin level.
Sheet erosion has primarily been studied on plots of bare or poorly veg-
etated soil, often under intense artificial rainfall, and the question of
its importance under natural conditions in humid areas is closely related
to discussion of the extent to which overland flow is a significant process
in storm hydrograph production27 and the relative importance of throughflow
and surface runoff. Kirkby28 demonstrated that rainfall intensities rarely
exceed natural infiltration capacities in humid areas with good vegetation
cover and suggested that throughflow is an important mechanism in storm
hydrograph generation, with surface runoff only occurring from saturated
areas near the slope base. The concept of widespread overland flow, result—
ing from rainfall intensity exceeding infiltration capacity, popularized by
Horton29 belongs essentially to semi—arid areas.
Furthermore, the partial-area and variable source area models of
storm runoff production, which have gained wide acceptance in recent years,30
have very important implications for sediment source areas. If surface
runoff is generated from a small portion of the basin close to the channel
network, the area of the watershed significant for sediment yield will be
limited to this contributing area, (Figure 4). The stream network must
also be viewed as a dynamic element of the drainage basin and will in many
cases expand and contract in response to variations in catchment moisture
status and storm magnitude.31 Acceptance of the dynamic character of both
material erodibility and of the contributing area and drainage networks
within a catchment necessarily means that sediment entrainment is very
time—variant.
The question of the precise sources of the sediment transported
from a drainage basin is one that still requires detailed research. When a
good vegetation cover is present and in the absence of direct evidence of
overland flow, it is attractive to ascribe the dominant source to the
channel system. Work by Kirkby32 in an upland catchment in Scotland
suggested that 93% of the sediment came from erosion of river bluffs and the
study by Carson gt al.33 of the Eaton Basin in the Quebec Appalachians
concluded that the suspended sediment load originated primarily from scour
of the banks of the channel network. However, calculation of sediment
budgets can indicate that the rate of channel enlargement is totally in—
adequate to account for the volume of sediment represented by the sediment
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Figure 3. A generalized relationship between drainage area and sediment
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Figure 4. A hypothetical example of the variation of the storm runoff
contributing area and the stream network within a catchment for




of sediments may provide information on source areas.a“ Techniques of
'chemical fingerprinting' may also help to provide an answer and it is
noteworthy that the increased attention recently being paid to the chemical
quality of sediment may indirectly provide valuable evidence as to sediment
sources.
Despite some debate as to precise processes and source areas
involved in sediment yield and their relation to storm runoff dynamics,
several studies have successfully related catchment sediment yields to
hydrometeorological variables, both on an annual and on a storm—period
basis,35 and to land use and other catchment characteristics.36 Soil loss
equations can also be adapted for catchment use if a routing algorithm is
introduced.37 Some researchers have, however, noted differences in the
pattern of response to hydrometeorological conditions according to catch-
ment size,38 with yields from plots and small catchments reflecting the
seasonal distribution of rainfall energy and those from large catchments
reflecting the runoff regime. Explanation of such contrasts must be
sought in considerations of sediment routing, delivery ratios, and the
partial—area concept. Following from the early work of Negev,39 progress
has also been made in the field of computer simulation of erosion and
sediment yields at the catchment level,”° although the dependence on
existing runoff models and the use of optimized parameters can call to
question the extent to which such models represent reality. Some attempts
have beenmade to develop more deterministic models for individual hill-
slopes and small catchments,"l but progress must be limited until our
knowledge of sediment processes and source areas improves and allows more
realistic conceptual models to be formulated.
TEMPORAL PATTERNS OF SEDIMENT kLIVERY
Temporal and spatial integration of the processes of erosion and
sediment yield within a drainage basin result in a complex pattern of
variation in sediment yield at the catchment outlet. A knowledge of the
magnitude and timing of sediment concentration and loads is essential if
the problems of sediment—associated contaminants and nutrients are to be
evaluated. Sediment discharge (S) / streamflow (Q) or sediment concen-
tration (C) / streamflow (Q) relationships or rating curves have been used
by many workers to characterize the general range of variation of sediment
transport rates and to demonstrate the tendency for increased concentrations
or loads to be associated with high flows. In general a relationship of
the form S or C = aQ can be established (Figure 5). The close dependence
of sediment concentration on discharge should not be viewed as indicative
of a transport capacity effect, because the wash load is essentially a non—
capacity load, but rather that the erosion processes causing sediment
entrainment generally operate most effectively during periods of high flow.
In most cases, considerable scatter about the simple rating relationship is
apparent and this can be related to seasonal and hysteretic effects, the
detailed timing of the concentration graph relative to the flow hydrograph,
and an exhaustion effect operating both during a single event and through a
series of events."2 An example from a British catchment of some of these
controls and in particular the exhaustion effect is presented in Figure 6.
Several researchers have suggested that the slope (b) and intercept (a)
values of a rating relationship can be used to infer source areas and the
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Variation of suspended sediment concentration during a series of storm runoff events on the River
Dart, Devon, England (46 kmz). This clearly demonstrates the complexity of the relationship










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































relative importance of various processes.
24
     









































































RIVER CASS (2196 kmz)














































































The average annual distribution of monthly sediment loads for
several rivers draining to the Great Lakes.
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 3) Delimitation of major source areas in order to evaluate the
spatially distributed nature of erosion processes.
4) Integration of source and budget studies with realistic
concepts of storm runoff production, particularly the partial—area
and variable source area concepts.
5) Detailed monitoring of individual storm runoff events in order
that the spatial and temporal integration of sediment dynamics can be
understood.
6) Development of physically-based models of erosion and sediment
yield as a long term objective.
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Mr. T. Cahill: Dr. Walling, the application of partial area hydrology is
complicated in parts of the Great Lakes Basin, especially in Lake Erie by
the existence of extensive under-drainage systems in the agricultural
regions. Do you know, or have you had any exposure to any work investi—
gating partial area applications, or analysis in basins with heavy under—
drainage networks?
Dr. D. Walling: I think the short answer to this is no. The concept of
partial area and variable source area is rather complicated.
It is difficult
enough to get this working as a realistic deterministic model, let alone
building in underdrainage. The two are obviously very closely linked.
Dr. D. Baker: You used a figure showing three different storms with equal
runoff but greatly differing sediment yields associated with those storms.
I could not read the time base. To what extent might variations in source
areas and ground cover affect the sediment yields at the outlet of your
watershed, or is it washing out of accumulated sediments in the channel
itself? What is the source of the variations?
Dr. D. Walling: The storms were over about a three day period.
The water—
shed size is about 30 kmz.
The rainfall characteristics were essentially
similar for those three storms.
My own feeling is that one has got both
storage in the channel and on the land surface, and one has got these
important exhaustion effects. Once the first sediment is removed from the
land surface, you get back to the inherent erodibility of the soil and the
sediment production rates then drop quite markedly.
Dr. T. Dickinson:
You made a comment with regard to the bank erosion that
you called preconditioning.
I might say that initial conditions are important.
I suggest that in fact the initial conditions are important for any of the
erosion processes and perhaps that is what you are saying and you are also
saying source areas are important and the whole timing is important. I think
there has been a fair bit of experience in the modelling exercises that if
one can make a good guess at the initial conditions, soil conditions, moisture
conditions, cropping conditions, or whatever, one may be able to make a
reasonable estimate of what is going to come off, whether its the bank or the
field or whatever.
The major problem is making a good guess of how those










































































































































































































































































 Influence of Land Use on Erosion and Transfer Process
of Sediment
T. Dickinson and G. Wall
INTRODUCTION
The average sediment yield from the landscape and the condition of
stream channels tend to change with advancing forms of man's land use acti-
vities, as summarized in Table 1. Land uses which can cause severe erosion
and sediment problems (e.g. highway and urban construction, timber harvesting,
strip mining operations) have been identified; and land uses which tend to
stabilize the landscape (e.g. reforestation, permanent pastures, stabilized
urban settings) have been noted in the literature. Yet it remains difficult
to quantitatively estimate changes in erosion and/or sediment yield due to
land use changes — even in regions where sediment data are available, let
alone in areas where extrapolation is being attempted.
Although persons have observed and measured soil erosion and de—
position phenomena in nature and have ascribed general reasons for these
occurrences, the interplay of the forces, causes and the boundary conditions
pertaining to erosion and sediment movement are less obvious.
An investigation of the influence of land use on erosion and trans—
port processes (as indeed an investigation of the processes themselves) also
reveals that apparent land use effects are closely related to the scale of
the studies undertaken. The dominant forces and boundary conditions govern-
ing erosion and sediment transport vary with landscape scale (i.e. the
processes predominant on a plot are quite different from those determining
conditions on a large field). Although the matter of scale has been empirically
handled by simple extrapolation and by means of the delivery ratio approach,
the real influence of scale on the processes and on apparent land use effects
is not well understood.
In light of the present state of knowledge regardingerosion and
transport processes and the part scale has played in affecting statements on
land use effects, the following discussion is focused on approaches which
have been taken on different landscape scales - identifying items learned and
apparent gaps.
PLOTSCALE
Plot studies have been used extensively by agriculturalists and
hydrologists to study soil and water losses under a variety of climatic,
physiographic, land use, and soil management situations. Plots became the





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EFFECT OF LAND—USE SEQUENCE ON RELATIVE
SEDIMENT YIELD AND CHANNEL STABILITY














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Although many of the sediment data have been carefully collected,
and there have been pressing needs to make good use of this information,
conclusions drawn from many of the monitored sediment load data regarding
land use effects should be given careful consideration. Problems in this
regard are noted below.
Sediment load monitoring has customarily been time— rather than
event—oriented (i.e. samples have been collected at regular time intervals
rather than focused on storm events). As a consequence, peak concentrations
and loads have not often been well defined. Since the loads occurring during
peak flow periods account for the bulk of the total sediment load transported
from a watershed (Dickinson, gt al., 1975) it is imperative that peak events
be adequately sampled.
Sediment samples taken during the year on a time-oriented base that
misses many of the major sediment events do not provide either useful estimates
of annual suspended loads or indices of such loads. Further, sample loads
collected during periods of low flow, and land use effects inferred from low
flow data, are not necessarily indicative of the annual suspendedsediment
load picture. This sampling problem poses a sufficient dilemma, that at the
present time there is a need to examine the relative importance of peak flow
events in order to design improved sampling schemes.
In the northeastern United States and eastern Canada, the stream
sediment load is controlled by source conditions rather than by downstream
flow conditions. It is very difficult to "look upstream" from downstream
data to identify important sources and land use effects without detailed
information on source erosion and transport areas.
(2) Watershed Models
Watershed models of sediment yield have incorporated concepts
whereby rainfall and runoff detach soil from field surfaces, transport it
overland to drainageways, and move it downstream. One group of models
applies the Universal Soil Loss Equation to land units (e.g. fields or groups
oof fields) and routes the eroded material to other land units and/or down-
stream by means of empirical delivery ratios or transport factors (Kling and
Olson, 1974; Frere, 1973). A second group couples erosion and sediment
delivery concepts to deterministic hydrologic models (Negev, 1967; Fleming,
1972; Simons gt 31., 1975). Although some of the hydraulics-based aspects of
these latter models are reasonably sophisticated, many of the concepts per-
taining to the erosion of material and its transport are as simplistic and
empirical as the delivery ratio approach.
There is no doubt that such models can be fitted to specific sets
of input and output data, as numerous examples now illustrate. However, as
the components and parameters are conceptual rather than physical in nature,
it is extremely risky to apply the models to input conditions outside the
range of conditions fitted — and to interpret model results in terms of
land use effects. Predicted effects are not more meaningful than the indi-
vidual and collective concepts included in the model.
41
 Gaps in existing conceptual models include:
(1) lack of an adequate characterization of the dynamic development
of the drainage system in a basin;
(2) lack of identification of the relative importance and physical
significance of soil moisture storage concepts;
(3) lack of description of depositional processes in microdrainage
systems; and
(4) insufficient emphasis on the role of large storms (year—to—year
and storm-to—storm hydrologic differences often account for



















influencing soil loss and runoff, the lack of statistical rigour
in the design of these studies makes it difficult to interpret



















by the units used for reporting soil loss, i.e. tons/acre) is not
valid.
3. As plot data are of more qualitative than quantitative value, the
use of them as a base for quantitative deterministic models of land










































































Neither the plot nor the watershed approaches have addressed the
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Dr. T. Dickinson: I think that is one of the purposes of this workshop. I
think we have got to do them all and I agree you can not do them all on one
particular basin. But hopefully in some of these broader projects like the
IJC one, there is room for some to be done on each one to try to learn from
each one, to complement the other. I think that is the stage we are at. I
don't think we are at the stage where we can say "let's put all ourmoney in
one bag". That begs the question, but I think that is where we are, because
we must have more data to make sense, but on the other hand we have got to
look at some of the processes. I guess the problem I have, is that in terms
of processes I think we may have to study them in the field, and in particular
field conditions. At least I think in some cases we havegot to do more of
that before we can even go into the laboratory to model them because I am
not sure we even know quite how to set up the laboratory model for the field
situation we want to model. I think that in the laboratory the time scale
we can use is one of the advantages, but we had better find out really what
is the time scale of changes in the field before we go into the laboratory
to try to sort some of that out. I think we have got to do a little bit of
all of it and hopefully in looking at all the resources in the area as a
pool we can come up with a balance that is meaningful, and avoid some of
the pressures that suggest haste and "so and so down the road is doing that”.
In fact if "so and so down the road is doing that", we better do something
else and learn in that way.
Dr. E. Ongley: I have to draw this session to a close as far as my parti—
cipation is concerned. I wish to offer one comment which I would like a
number of you who I know have been working on the relationships between
specific kinds of land use and their effects upon water quality to consider.
If I synthesize correctly what you havesaid Trevor (Dickinson), in general
our ability to use existing data generating techniques is not sufficiently
discriminatory to enable a distinction to be made amongst various land uses.
I know at least two of you, and I am sure there are many more in this room,
who have done very specific work on attempting to discriminate in terms of
water quality and up—stream land uses, and I would like you to think about






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 INSECTICIDE RESIDUES IN BED MATERIAL AND BED LOAD,
TABLE 1.
BIG CREEK, NORFOLK COUNTY, ONTARIO (PARTS PER BILLION)


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































XDDT FOUND IN SUSPENDED SOLIDS COLLECTED
AT THE MOUTHS
OF RIVERS AND STREAMS




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In order to investigate some of
the points raised in this
discussion, I should explain our procedures.
We have
gone up to the mouth of
the Grand River with our sampling equipment. We sat there for eight hours,
pumped some 4600 litres of water and recovered the solids.
We have good
recoveries of the solids in four size fractions. We have the associated
water samples that we can supply for analysis.
It is our intention to do more of this type of work.
We want
to fill in those samples where Dr. Frank did not have enough material.
We
intend to sample next spring (1977).
The point that should be made is that we are not really
discussing loadings in this context.
We are having a look at concentrations
of these materials, as they appear at the interface of the Lakes and rivers
themselves.
I think it is rather interesting if one looks at the organo—
chlorines.
We have
done analyses on most of the residual samples from past
sampling in the Great Lakes (Lake Erie, Lake St. Clair, Lake Ontario and
presently Lake Huron. Lake Superior is yet to be done).
This represents
an enormous amount of work.
Once you look at something that equates to a mass balance
coming into, for example Lake Erie, one gets some shocks. Ralph Miles men—
tioned that in certain cases insecticides coming from these watersheds are
in the grammes or kilogrammes range. Yet the amounts of these materials that
are depositing in the open waters of the lakes are much higher and cannot be
accounted for from these watersheds.
When one looks at Lake Erie, the major
impact is from the Detroit River. We know that there are not many pesticides
or PCBs in Lake St. Clair. Yet once one looks at Western Lake Erie, the
sediments are in terrible shape. Something is happening in that stretch of
river that we have to investigate.
It is a massive impact compared to a more
minor impact from the watersheds themselves.
Dr. R. Frank:
I might just cement, that in the agricultural watersheds we
are looking at a much wider range of parameters. We are not only doing that,
but we are carrying field surveys to determine exactly how much material is
going onto the land surface. Where we have a watershed that has got a big
use of Trifluralin, we go back and look at the water in that watershed,
instead of looking at it as monitoring and trying to get a handle on what is
going on out there in the field and then trying to determine what is present.
This is being done.
Dr. J. WEber: If you took samples of the bottom deposits, has anyone sampled
the concentration of the chemicals in the deposits with depth? You say DDT
is decreasing with time, surely then, that means the DDT found deeper might
be in higher concentrations, unless it is degraded and in that case you would
find metabolites.
Dr. R. Thomas: Well I think that is a function of the ability to sub—sample
a sediment core with the resolution you are talking about. For example, in
many lakes one centimetre would represent approximately 10 years of accumulation.
You have to wait a long time to see any decline. But if you go back up
through a core looking for PCBs, we have quite a nice picture in Lake Erie.



























































































































sediment eroding from farm fields.
They may



















soil and hence of sediment.










a larger proportion of finer particles













in Figure 1 in which
the ratio of the phosphorus content of soil fractions to
that of
the total soil (P enrichment
ratio)
is related to the maximum par—





in runoff sediment is related to enrichment in clay and organic matter content








of the runoff water will tend to reduce the mean particle size of the sediment








degree of incorporation of plant residues etc.
Table 2 illustrates
the effect of
three tillage practices on the nutrient concentration in the






in the N and P
concentrations
in runoff
sediment between tillage systems are primarily due
to selective soil erosion....
Ridges across slope and/or corn residue on the
soil surface
act as sediment traps and natural barriers to surface runoff".
Thus management practices which reduce sediment loss probably will
not reduce the nutrient loss proportionately.
ALTERATIONS IN MITle
CONTENT OF SLRFACE SOIL AND HENCE 0F SEDIIvENT
Carbon
Crop production generally reduces the organic matter content of the
surface 3011.
Because organic matter is critical in maintaining stable soil












































































PHOSPHORUS ENRICHMENT 0F SEDIMENT FROM RUNOFF PLOTS
AT GUELPH, ONTARIO AS A FUNCTION OF ENRICHMENT IN
CLAY AND ORGANIC MATTER
(6 EVENTS FROM 6 PLOTS — 1973-1975)
 
Dependent Variable Independent Variables R2
P Enrichment Clay Enrichment 0.61*
(c1. Enrich.)2 0.64
Org. Mat. Enrichment 0.69
(Org. Mat. Enrich.)2 0.70
 
 
* RZ - proportion of the variability in P enrichment accounted for by
regression including this independent variable and all others




EFFECT OF TILLAGE SYSTEM ON RUNOFF AND NUTRIENT
CONTENT OF SEDIMENT
(FROM ROMKENS, NELSON AND MANNERING, 1973)
    
 
Tillage Runoff Soil Loss Sediment Quality
(cm) (I/ha) N P
(us/g)
Chisel 3.81 1.68 2022 616
Coulter 4.39 1.87 1278 387




































































































































































































































































































































































































































































































* Average of 9 runoff events 1973-1975
** Applied each year since 1968 without incorporation
TABLE 4
THE INFLUENCE
OF FERTILIZER P ADDITION ON
"EXTRACTABLE P"
CONTENT OF AN ONTARIO SOIL

















    






   
   
   
   
 
    
    
      
    
 
TABLE 5
"EXTRACTABLE P" IN AN ONTARIO SOIL FOLLOWING




Depth Not incorporated Plowed Manure
(cm) (ug P/g)











* Extractable with 0.5 N NaHCO3.
 
TABLE 6
"EXTRACTABLE P" IN SOIL AND SEDIMENT AND DISSOLVED






Soil (0—1 cm) Sediment** Dissolved**
Ortho P in
Treatment Range Mean Runoff
----------- (ug/g)-------—-----—- (mg/l)
Manured — not incOrporated 108 100—200 140 1.38
Manured — plowed 57 50—95 63 0.56
No manure 28 44—90 62 0.51
 
* Extractable with 0.5 N NaHCO3
 
** Six storms 1973—1975.
 
 
 TABLE 7 .I‘
,i'
THE EFFECT OF PHOSPHORUS FERTILIZER APPLICATION ON d
"EXTRACTABLE P" IN SEDIMENT AND ON DISSOLVED ORTHOPHOSPHATE y S
IN RUNOFF. (FROM ROMKENS AND NELSON - 1974) '
Extractable P* Dissolved Ortho P i?
Fertilizer P Applied in Sediment in Runoff #9 ‘
(kg/ha) (ug/g) (mg/1) ‘ H
ﬁ‘H










* Extractable by Bray P.l test (.03 N NHQF + .025 N HCl) j
   
TABLE 8
INFLUENCE OF METHOD OF FERTILIZER APPLICATION 0N
"EXTRACTABLE P" IN SEDIMENT (TIMMONS, BURWELL AND HOLT - 1973)
 
MathOd 0f Application "Extractable P"* in Sediment N
(us/g) A ;
No Fertilizer 20 ? i
Fertilized, plowed and disced 20 W :
Plowed, disced and fertilized 85 I §
‘ L
* Extractable with Bray P. 1 test (.03 N NHgF + .025 N HCl)
  











































Extractable P content of sediment
(ppm)
















phosphorus to soil will increase the labile P of the eroded sediment and also
the dissolved orthophosphate of runoff water. However, when one attempts to
relate dissolved orthophosphate in runoff to the Extractable P in the soil,
the relationship is much less clear.
The data presented in Figure 3 are from
samples of runoff collected from farm fields in two small Ontario watersheds.
The area in the field from which the runoff occurred was sampled and the
"Extractable P" was determined. The data illustrates the marked effect of
surface manure on the dissolved P levels. There is, however, no apparent
relationship between dissolved P and extractable P in the soil, even when the
samples from the manured fields are excluded. This is probably due, at least
in part, to the variation from one runoff event to another in the degree of
selectivity in the erosion process. The extractable P content will be greater
in the finer soil particles.
The degree of enrichment in clay and hence the
enrichment of extractable P in the sediment will vary from one event to
another as well as with management practices, thus it is not possible at this
time to predict dissolved P in runoff directly from the extractable P level
in surface soils.
Profitable crop production requires that the available phosphorus
level be increased in most soils which have not previously been fertilized.
There is a level, however, above which no further economic increases in yield
will be obtained. This level varies from crop to crop. Generally, it is
higher for vegetable crops such as potatoes, and tomatoes, than for field
crops such as corn or barley. Thus soils that are used for vegetable crop
production are likely to have a higher available phosphorus content than are
those used for field crop production. This is illustrated by data in Table
9.
There are a number of soil tests that can be used to determine the
available phosphorus content of the soil and hence the fertilizer required
for most profitable yield levels. They provide an effective tool to maintain
the available phosphorus content of the soil at, but not above, the optimum
level. This will assure continued production of high yielding crops while
minimizing the dissolved and total phosphorus content of runoff from agri-
cultural fields.
staARCH NEEDS
We must accept the fact that applications of nitrogen and phosphorus
are essential to sustained production of profitable yeilds. To minimize the
effects of these applications on the nitrogen and phosphorus content of
runoff water we must improve our understanding of the nitrogen and phosphorus
requirement of major crops and of the fate of nitrogen, particularly, when
applied to the soil. This would allow us to better match the nutrient con-
tent of the soil to the needs of the crop, thus avoiding unnecessary levels
in the soil and in runoff.
We must also develop management systems which permit incorporation
of manure and fertilizer into the soil rather than leaving them on the surface






















































P of the soil
(PPm)
Figure 3: Relationship between NaHCO extractable P of the soil and dissolved P in the
runoff For waterﬁhedc Ar) 1/3 and AG #5.
 
 TABLE 9
"EXTRACTABLE P"* LEVELS IN ONTARIO SOILS
IN RELATION TO CROP GROWN
  
3
g ** Test beyond which no further P required
*** Samples submitted to Ontario Soil Testing Laboratory.
























* Extractable with 0.5 N NaHCO
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 DISCUSSION
Dr. T. Logan: I would like to make a comment. The comment is that I think
we have to be very careful about the emphasis we put on soluble phosphorus
values coming off small watersheds or plots. We have to keep in mind that
the adsorption reaction of phosphorus on sediment is a very rapid process.
I have been doing some thinking on this regarding some of those soils that
are high in available phosphorus. There are some possibilities that may
be happening. One possibility is that on those soils that have appreciable
available phosphorus, we might be seeing for example dicalcium phosphate
that will be dissolved as we get a dilution during the runoff process.
This will produce some of the soluble phosphorus that you are seeing. 0n
looking downstream, you maysee a readsorption phenomenon.
Dr. T. Dickinson: You mentioned looking ahead to suggestions for remedial
work, that one might be able to improve communication systems to get people
to use better fertilizer amounts on their fields.
Carrying this a step further, might it be realistic that
in situations where one is applying manure or sludge, things that release
nutrients more rapidly into surface runoff water, that it may bethat in
certain parts of watersheds there may be fields that are not very directly
connected to the drainage and microdrainage system. There are fields that
for only brief periods of the year might have runoff going into the drainage
systems. In areas like that it might be very safe to carry on certain kinds
of practices. There might be more opportunities to use a variety of manage—
ment practices to be safer. On the other hand there may be parts of a
drainage system near the main channel or very close to connected drainage
systems where the management practices that would be allowable would be
very restricted. In other words, one would have to be much morerestrictive
there. We mentioned that when you startdifferentiating between management
practices on a watershed basis rather than just on a crop basis, there are



























































































































Erosion and sedimentation are natural, usually gentle, processes
releasing controlled amounts of sediments to receiving waterbodies. Anthro-
pogenic activities have burst into this process and caused far-reaching and
mostly detrimental environmental changes, the extent of which has not yet
been fully appreciated.
Whereas the soluble ionic transport of chemicals is perhaps the



















life. In particular I will emphasize the so-called heavy metals.
BASIC MATERIALS


















properties of soil materials.













































































skeleton may be elements in sediment transportation.
























































































































































































































































































































negative anions may be held or ADSORBED by soil materials. During the












































































































































































































































































































































































































































































































































































































































































































































































































that is the sesquioxides:
Fe + on [Fe(0H)3]+
i















































































































































































































































































































































 (ii) Organic. The soil forming processes tend to destroy recently dead
plant and animal tissue and form, amongst other things, strongly complexed
compounds with metallic cations. The chelates with EDTA* are perhaps the
best known and understood and occur in ionic and colloidal dimensions.
These compounds commonly enhance the passage of elements such as Zn, Cu,
Fe through soils and are said to SEQUESTER these elements. When these
organic compounds are broken down by microbial attack the metals become




















































































































































































































WHY THE CONCERN Aswr HEAW ﬁrms?

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(b) Animal metabolic processes. The many stomach forms of the different
domestic animals result in slight variations of the same effects as in
(a) above but in general the same tendencies hold. The soil, and partic-
ularly soils with welldeveloped A horizons have an admirable ability to
adsorb and process animal manures of a carrying capacityup to 200 times
that of common mixed-agriculture. However feed—lot agriculture is based
on carrying capacities far higher than these. Many if not most feed lots
are sited along or close to waterways. The surface soils soon become
trodden and impermeable so that virtually all runoff fromthe lot empties
into the waterway. Well fermented cattle manure from the ruminant stomach
must provide about the best imaginable source of transportable sediment-
borne heavy mineral pollutants. Most of the recorded fish kills are
likely primarily and indirectly a function of excess dissolved nutrients.
(c) Domestic waste disposal. Most domestic waste is still entered in the
soil: in the case of incineration pyrolysis and other "refining" processes
a treated product is still placed in earth materials. The many studies
which have been done on the composition of municipal garbage show the
extreme range of composition from place to place and even fromday to day.
However a great amount of heavy metals, in an unsuspected variety of
forms, from additives to paper, tires and paint, through the agencies of
microorganisms and decomposition processes may come into solution as
simple or complex ions and gain access to the groundwater and become
potential hazards. However, the passage and transport of these ions is
affected by sediment transport under only two conditions:
(i) when the entombing material is very coarse so that water may
move relatively unimpeded through it, and
(ii) during the process of infilling when the spoil material may
be washed by rain or by runoff, sediment transport may remove
certain heavy metalcations particularly in readily available
form such as battery acid and metal pickling solutions.
(d) Industrial waste disposal. Industrial waste disposal concerns indus-
tries which discard waste in: (1) liquid form or (11) solid form. In
general the same factors play their role in breakdown and transport as
has been described above. Any industrial waste which carries finely
divided materials, be it silicates or iron filings, will operate more or
less as a colloidal system. The nature of the colloidal "host" will be
the determining factor in how long and how effectively the heavy metal
element is bound in sediment or is liberated. Host colloids which are
broken down by organisms either in an oxidizing or reducing environment
will liberate the heavy metal in a potentially hazardous form at an earlier
stage than otherwise.
Two host colloids worthy of note in this connection are: (i)
tailings from ore refining processes and crushed products of coal, cement
and (ii) fertilizer industries, although the same conditions will be
obtained in any refining process which uses finely comminuted material.
At Sudbury, for instance, The International Nickel Company
produces some 35,000 tons of tailings per day which are fed into large







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































‘ smelting methods helped by modern legislation have seemed to reduce the
access of active particles to colloids for transport. The future danger
will be more from dissolved ionic materials than from transported materials.
However, in the past, the smoke plumes and precipitation killed vegetation
and have bared the soil surface so that active erosion could take place.
The less refined pollutants landing on the surface would be adsorbed first
to organic colloids and transported by waterways. Cation exchange processes
may then obtain and cause heavy metal cations to become available as
poisons or growth inhibitors.
(h) Precipitation. Although precipitation has long been known to be far
from pure near cities and industrial areas it is only recently that detailed
studies of the amounts of metals being deposited have been undertaken. It
is perhaps in Norway that the most prolific information is available. In
recent years, pollution from rainfall has driven salmonand trout from
most rivers in the south of the country. The primary effects of this
precipitation in most places in North America will be found in solution in
rivers and streams and in vegetation changes. This factor, although
important, will have little apparent influence on sediment transportation.
However in more arid regions with markeddry seasons, this precipitation
factor may play an important if not critical role due to heavy metal
transportation by sediments.
(1) Automobiles. The addition of lead tetraethyl as an antiknock compound
in gasoline has occurred since the early 1930's. A great deal of research
has been done on soils and vegetation along highways. Most of the research
has produced a self—evident result —- the soils are high in adsorbed lead.
Notwithstanding the possible high lead contents of vegetables, this lead
has remained rather stable. Only when road extensions and widening take
place does erosion remove the lead adsorbed on colloids. Two other previously
unconsidered elements are Cd'and Zn in automobile tires: both elements have
been found in conspicuously high amounts near highways. Thextensive use
of de-icing salts may cause cation exchange reactions which liberate, temp—
orarily at least, these three elements in ionic form. Lubrication oils have
also been found to have significant amounts of both Cd and Zn.
FUTURE RESEARCH NEEDS
Naturally my suggestions will be chauvanistic. However in
addition to the present data collecting research efforts which must continue,
I would submit that the following are worthy of support.
1. The nature, species and charge properties of suspension
transported colloids.
2. Phase relationships between adsorbed and solution ions in stream
channels.
3. The nature of the heavy metals and all ions being transported
by sediments.
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Regional Overview of the Impact of Land Use on Water Quality
A. D. McEZrOy
INTRODUCTION
Midwest Research Institute was given the task in mid 1974 of
conducting a national assessment of nonpoint source pollution for the
U.S. Environmental Protection Agency. The program had two phases. In
Phase I, loading functions for estimation of nonpoint pollution loadings
were developed. In Phase II, these functions were employed to calculate
pollutant loadings on a national basis. The loadings were calculated
and reported for minor basins, major basins, the 48 states, and the
continental United States. In addition, loadings were aggregated for
each of the 10 federal (EPA) regions.
We were asked to develop loading functions based on "available"
data. This meant generally that the more sophisticated models under
development were not appropriate, sinCe these usually requirev ry
detailed information which is not available to the user. Further, such
models require a sophistication in use which usually is beyond the
capabilities of the personnel involved in nonpoint planning and to whom
the functions were directed.
A further constraint consisted of, in most cases, steering clear
of determining the impacts of nonpoint pollution on water quality. We
thus estimated delivered loads, but did not estimate the resultant impacts
on water quality. It goes without saying that this represents a major
void which must be filled it we are to develop a good picture of the
impacts of nonpoint pollution.
PROGRAM DESCRIPTION
The program included analysis of natural background nonpoint pol—
lution, i.e., pollution obtained in the absence of modern man's influences.
One can readily appreciate that such a state is not easy to define, nor is
it a simple matter to develop natural or background loadings which can be
rigorously defended. Nevertheless, activities in this area have yielded
results which are interesting and one of the most informative comparisons
involves background and the present disturbed state.

















be described and estimated with reasonable accuracy by existing equations,
for which a large body of data is in existence. If one assumes that bulk
loadings (or total loadings) of nitrogen, phosphorus, and organic matter


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































have a small relative impact in arid and semi—arid regions.
CONCLUSIONS
 
Conclusions generally supported by the results are as follows:
* It is immediately apparent that loads of sediment, nutrient
elements, and BOD are proportional, as one might predict, to


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    
  

















Maine, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode
Island.
New York, New Jersey
Kentucky, Tennessee, North and South Carolina, Georgia, Mississippi,
Alabama, Florida
Ohio, Illinois, Indiana, Michigan, Wisconsin, Minnesota
Arkansas, Louisiana, Oklahoma, Texas, New Mexico
Iowa, Kansas, Missouri, Nebraska
Arizona, California, Hawaii, Nevada
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
     
    
   
     
   
   








Boulders Larger than 256 mm Bedload







Silt 0.004—0.062 mm Suspended
Clay 0.0002—0.004 mm Suspended
Bedload or Suspended
   

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































   


















































































































































































































































































































































































































































































































































































































































 Figure 2 also illustrates the sampling problem. Currently available
suspended—sediment samplers sample only to a point from about 0.3 to 0.5 feet
above the bed. It is evident that these samplers do not sample that part of
the flow carrying the greatest concentration of coarse particles.
Figures 3, 4, and 5 illustrate data based on actual field measure—
ments of velocity and suspended sediment made in the Rio Grande conveyance
channel near Bernardo, New Mexico (Culbertson et al., 1972). The convey—
ance channel is straight and uniform for several thousand feet. Point
velocities and point suspended—sediment samples were obtained at five
points in each of six verticals in order to define the isovels and zones
of equal concentration of various size classes of sediment. Concentration
values shown are in mg/l (milligrams per litre).
Velocity distribution (Figure 3) was found to be quite variable
because of the roughness caused by thedune bed configuration. Note the
four distinct cells of high velocity in the cross section. Also, note
the slower velocity along the right bank.
The finer sediments (silts and clays) were distributed almost
uniformly thrOughout the cross section (Figure 4). Concentrations of
samples collected at the surface were almost the same as the mean concen-
tration in each vertical; therefore, within the limits of accuracy
obtainable in most laboratories, a sample collected almost anywhere in
this cross section would be considered representative for this size
range.
Figure 5 illustrates the distribution of the coarse suspended
sediment (sand). It is obvious that the sampling problem in this case is
real. If one wishes to analyze a sample of the streamflow to determine
either the mass of sediment being transported or the amount of sorbed
constituents on the sediments, one must have a representative sample that
contains representative masses of each size class of material.'
The preceding discussion has related only to the general case,
and the instantaneous steady uniform flow condition. Time variation of
sediment transport presents another problem. Figure 6 illustrates the
general relation between water discharge and suspended-sediment discharge.
For a given site, it is not uncommon to find a variation in suspended-
sediment discharge of about 1.5 log units for any given water discharge.
This variation is caused mostly by: (l) seasonal variations in availability
of sediment; (2) snowmelt runoff versus thunderstorm runoff; (3) period
between floods; (4) and the difference between turbulence characteristics
on rising and falling stages,
Figure 7 shows the typical variation of sediment concentration
with time and discharge. The differences in concentrations for a given





















is dependent upon the turbulent characteristics of the flow and the avail—
ability, size, and specific gravity of sediment in the system.
Sediments
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Methods Used in Measurement and Analysis of Sediment Loads in






































Streams: Laboratory Investigation of Suspended—Sediment
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that three-fourths of the soil losses from small, cultivated, single—
cover plots in the United States were caused by an average of about four
storms per year.
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prevailing climate and land use characteristics.
IMPACT OF LONG TERM VARIATIONS OF CLIMATE
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FIGURE 6
Progressive 50-year average stages of Nile River.
Redrawn from Stevens' Fig. 9 closure to paper by
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permit answering these sorts of questions.
Most of the reliable data on sediment yield are from watersheds
with drainage areas less than about 10 square kilometres, while most
stream sediment discharge records are for basins with drainage areas
greater than 200 square kilometres.
Very little information is available
for basins
in the range of 10 to 200 square kilometres drainage area.
151































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   





As most of the Dutch lakes are situated in the deltas of the Rhine
and Meuse, they receive large amounts of nutrients from this source.
In total they receive 6 g m 2, y 1; about 50% from the Rhine. The
Rhine carries about 70,000 tonnes of POt-P per year, of which 80% is
transported into the North Sea. Of the remaining 15,000 tonnes about
50 — 60% is accumulating in the Dutch lakes, which receive an annual
load of about 6 g per ml per year.
 
ESTIMATES OF RIVERINE PHOSPHATE
Sources
Three different sources of riverine phosphate — and thus of the






A first estimate of the erosion can be made with a global mean value.
Phosphate occurs in rocks as calcium apatite, in the range between 0.07 -
0.13%. Van Wazer (1961) estimated the total amount of phosphate in the
lithosphere to be 1.1 x 1025 g of which 1017 g is present in the sea
in the dissolved state, while 1021 g is buried in marine sediments. (Only
3 x 1016 g is considered to be mineable).
Erosion-derived Phosphate
During chemical weathering the major part of this amount is converted
into a "lattice bound clay" phosphate. In unpolluted clays the phosphate
phosphorus is about 0.1%.
Following Meybeck's (1976) estimate for total solid riverine transport
(2 x 1016 g per year, = 5 x the dissolved transport) we arrive at a figure























































































































































































































































































































































































































































































































































































































































































































































































































 Long Term Studies
Experiments in an artificial pond (enclosure type) supported the
results of the bioassays. In half a year's experiment well over 1 g. per
m2 of POM—P was released by the sediments. The NTA extractable phosphate
fraction decreased in the same period by 50%.
A Sediment Phosphate Model
A schematic model discussed relates to the importance of sediment
phosphate to the general phosphate cycle.
LITERATURE CITED
Golterman, H. L., 1973. Natural phosphate sources in relation to
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Golterman, H. L., 1977. Sediments as a source of phosphate for algal
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Meybeck, M., 1976. Total mineral dissolved transport by world major
rivers. Hydrological Sciences—Bulletin—des Sciences Hydrologiques
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Lake Erie Wastewater Management Study
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C = CNPS + ZQp (C — Cups)
Q
where: C = orthophosphate concentration;
CNPS = orthophosphate concentration from nonpoint sources;
Qp = discharge from point source "P";
C s orthophosphate concentration in effluent frompoint
source "P";
Q = stream discharge.
The quantity CNPS represents a base-level orthophosphate concen—
tration which is related to the land use characteristics and natural features
of the watershed. In the Lake Erie basin, values of CNPS appear to range from
100-200 ug/l in the heavily—impacted western tributaries such as the Portage,
to 10—20 ug/l in the eastern watersheds. Loss of orthophosphate due to adsorp-
tion during transport may affect these relationships, although the influence
of this factor is undetermined.
Somewhat different findings have been obtained for Honey Creek,
a basin which was chosen as a test area partly because of its agricultural
nature and absence of major point sources. The orthophosphate concentration
in Honey Creek appears to be positively related to discharge--but only during
certain periods of the year. Analysis of Honey Creek data has been conducted
by partitioning streamflow into two components; direct runoff, and groundwater
outflow. The former consists of surface runoff from rainfall and snOWmelt
events, plus a portion of infiltrated water which passes rapidly to the tile
drains underlying agricultural land. Flow separation has been accomplished
solely on the basis of discharge records at the watershed mouth; experimentation
indicates that the methodology utilized is not critical. The analysis of
orthophosphate has then been based on the assumption that each observed
concentration represents a weighted average of orthophosphate concentrations
in the two flow components. That is,
Q Q
C = c _Q + c _g
be Go
where: CD = orthophosphate concentration in direct runoff;
CC = orthophosphate concentration in groundwater outflow;
QD, QG = streamflow due to direct runoff and groundwater
outflow, respectively;




















which spanned 7 months and contained more than 300 observations. Values of
CD and CG were allowed to vary among different portions of the sampling
period (through the use of dummy variables yielding the interesting results
shown in Figure 6). Both of the imputed concentrations followed a similar
pattern, falling from moderate levels in mid—winter to low values in April,
then rising to high levels in June and July. The seasonal variation was
more pronounced for the imputed orthophosphate concentration in direct runoff;













































   















The rise in concentrations from April to June is believed to be
related to fertilizer application on agricultural land. This finding, if
verified in other watersheds, could provide an important index of the
agricultural contributionto phosphate loadings. The decline in concen-
trations from January to April could represent exhaustion of the soluble
phosphate available from agricultural activities in the previous year. The
mid-February decline in the direct runoff concentration could also be
related to another factor. Discharge during the previous period was caused
primarily by snowmelt, and contained unusually low suspended solids concen—
trations (see discussion below). The rate of phosphate adsorption during
transport could therefore have been relatively low, due to lack of available
sites. The decline in orthophosphate concentrations which followed the
major rainstorm in February 16 could thus represent, in part, simply a
return to more normal circumstances with regard to phosphate transformation.
In any case, linkage of orthophosphate concentration to the crop production
cycle appears to be the only plausible explanation for the overall patterns
shown in Figure 6.
The two—compartment approach utilized here for analysis of ortho—
phosphate could easily be expanded to a three—compartment approach by
incorporation of the point source equation given earlier. This mode of
analysis is considered promising in cases where full—scale chemical/
hydrologic modelling is not feasible.
PARTICLLATE HOSPHATE
There is little question that most of the total phosphate in
transport during storm flow conditions is occurring in association with
particulate matter, as measured by suspended solids. The overall cor—
relation between total phosphate and suspended solids is good for most, but
not all of the Lake Erie basins, (Figure 7). Linear regressions can be fitted
to these data and take the form of y = mx+b, as in the Maumee;
TP (ug/l)=l.32(SSmg/l)+153 (Maumee at Waterville, 1975).
The Brandywine Basin Data also found a good relationship between
total phosphate and solids, but used "Residue on Evaporation" (ROE) rather
than suspended solids. Those data showed the best curve fit (r2 = 0.86) to
be the power curve y=ax , yielding;
Total Phosphate (ug/l) = 1.48 (ROE) 0.975
Of course, the ROE measurement includes both suspended and
dissolved solids, and would not be suitable for basins with relatively high
dissolved solids, such as the Maumee.
Recognizing that the bulk of phosphate transport occurs with
particulates, it is of interest to take that portion of the total phosphate
which is non—soluble, defined as TPp (TP - OP = TPP), and compare its ratio
to suspended solids as the concentration changes over a hydrograph. The
linkage of total minus ortho phosphate to suspended solids concentration is
extremely strong. In the statistical analysis of Honey Creek data, the



























































was stream discharge (which had a very low estimated exponent). By com—
bining and rearranging the predictive relationships for total minus ortho
and suspended solids, an expression has been obtained for the ratio of the
former to the latter, as a function of discharge, seasonality, and time
since start of storm. This predictive equation for the phosphorus—to—
sediment ratio (excluding orthophosphate) is depicted graphically in Figure
8. The curves in Figure 8 relate to storm periods in the spring; summer
conditions would differ slightly. Thephosphorus—to—sediment ratio is
found to be linked positively to time since start of storm, which is plotted
on the horizontal axis, and negatively to discharge.
Both of these associations are probably related to systematic
differences in the composition of the suspended load carried by the stream
during different flow conditions. In the early stages of storm events, and
during periods of high discharge generally, a large proportion of the
suspended load may consist of coarse grained materials which are relatively
low in phosphorus content. Since these are the materials most likely to be
lost from storm water during storage and transport, the sediment load at
other times tends to be limited primarily to fine colloidal particles,
which are relatively high in phosphorus. Although additional studies are
needed to provide fuller understanding of these relationships, it is clear
that the phosphorus—to—sediment ratio is fairly stable across storm events.
During non—storm periods, the ratio tends to be somewhat higher than the
values shown in Figure 8 (due in part to the more prominent role played by
soluble orthophosphate).
CJ-W‘NEL Scoua AND DEPOSITION
An issue which has been the subject of some discussion is the
role of the stream channel in sediment transport, i.e., the extent to which
observed suspended solids concentrations reflect scour and deposition
processes in the channel system. The Honey Creek data for the February
snowmelt/thaw period provide an interesting perspective on this issue. In
the four—day period from February 10 to 14, high discharges occurred entirely
as a result of snowmelt and thawing of the soil surface. Suspended solids
concentrations at Melmore would thus reflect channel scour, and land erosion
due to surface flow, rather than raindrop impact. The low concentrations
observed suggest that channel scour tends to be of relatively minor import—
ance.
The following table compares the February snowmelt period with a
four-day storm period in March, which involved a somewhat higher peak
discharge but similar total runoff. Both of these periods occurred approx—




Discharge in cfs Load in concentration
Period Duration Peak Average metric tons (mg/l)
Feb. 10-14 4.0 days 947 820 522 104.1
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of the total suspended solids load in a moderate storm (and possibly much
less, in view of the other potential sources of sediment during snowmelt/thaw



















from the land during the same storm period in which they are observed.
OTHER CONSIDERATIONS
Hydrologic Response






















































































































































































































































































































































































































































































































































































































































































































































sents an organic transport which,
in many basins,






















































"organic phosphorus” source possibility.























































































































to answer this question satisfactorily.
 












up by aquatic vegetation
or pre—
cipitated by




















scoured during storm runoff.
However, a continuous mass balance
analysis for
several watersheds with large point source inputs,
such as the
Portage basin,
demonstrated that only a minor portion of
the total mass
transport of phosphate during storms can be accounted for by
this residual.
RESEARCH NEEDS
In an effort to better guide the management strategies which are
evolving with respect to the reduction and control of diffuse or non-point
sources in the Great Lakes, some general knowledge gaps can be identified
1‘““——’—‘—'— . .
Toledo Metropolitan Area Counc11 of Governments
 
  
regarding phosphate which have broad applicability to other pollutants.
Because of the immediate need for this information, these deficiencies receive
a higher priority than some of the long term research needs. These knowledge
gaps can be filled by four general programs carried out jointly by the various
agencies operating in the Great Lakes. They are as follows:
(1) Evaluate the effectiveneSS of land management techniques,
especially agricultural, for nutrient load reduction;
(2) Analyze storm transported phosphate to determine long
term bioavailability;
(3) Develop hydrologic response models which more accurately
simulate pollutant production and transport mechanisms, and
(4) Evaluate both the positive and negative aspects of widespread
acceptance of tillage modificatibn techniques, such as no-till.
While a great wealth of water quality data has been developed
throughout the Great Lakes Basin, it is likely that additional sampling
will be required for selected watersheds to accomplish the first three
programs. Other important research questions should not be neglected,
including a reevaluation of erosion loss analysis techniques (USLE) as
applied to watersheds, modelling particulate transport during storms, lake
bottom release rates and tile drainage effects, to mention only a few.
However, the primary objectives of research during the next two to five
years should centre on land management techniques which will actually
reduce diffuse pollutants and the evaluation of present erosion control
techniques to determine if they will accomplish the necessary reduction.
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nitrification; used by most










materials; utilized by most









to higher plants; does not
usually occur in high concen—


















extensive work in soil organic nitrogen characterization.
work, soil organic nitrogen may be divided into several categories (Table
Much of the soil organic N remains unidentified and may include amino




evolved when pH is high
or under dry soil conditions.
N20 product of denitrification;
N2 constituent of atmosphere;
product of denitrification.
PARTICULATE FORMS
Many attempts have been made to identify the mostly organic forms
of nitrogen in biological systems.
compounds in fauna and flora tissue including protein, amino acids, and
nucleic acids, there are the complex N forms found in decomposed organic
In addition to the biologically viable
This organic matter, also called humus is the product of
Brenner (1967) summarized the
Based on this
+
The small amount of fixed NH“ is primarily a consequence of the
+
physiochemical entrapment of NH“ ions between the internal surfaces of
expandable clays such as illite (Figure 1).
vary with expandable clay content and the extent of interlayer weathering.
The degree of fixation will
The bioavailability of particulate N has concerned agronomists
for years and is also of interest to ecologists studying the impact of
tributary loadings on lake water quality.
bioavailability with a particular fraction or fractions has been unsuccess—
In recent years, more attention has been given to direct bioavail-
ability and mineralization tests (Stanford, 1968) and correlations
between chemical extraction and N released by incubation (Stanford and
Smith, 1976).
mineralization in soil but have not been extended to aquatic systems.
Attempts to correlate N
These tests show some promise in estimating potential N
2. Somces 0F NITROGEN ENTERING FLUVIAL SYSTEMS
a) Runoff and Erosion - the main product of runoff and erosion is
surface soil and some crop residue, leaves and other debris.
soluble N03—N and Nit-N is transported during runoff; however,
if erosion is significant the organic soil N contribution
will be much greater (Armstrong gt_al., 1974).
is enriched with nitrogen, i.e.
sediment is higher than the soil from which it originated.
Hensler and Attoe (1970) found that total N enrichment was
2.7 to 5 fold.
also the lower density of some organic matter.
particulate N content of sediment can be estimated
from a knowledge of the soils from which it was derived.
Some
Runoff sediment
the total N content of the
This is due to selective clay transport and
The total
   
     
   
  
 
    
  
   
    
   
    
    
  
   
  
    
  
 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHARACTERISTICS OF LIVESTOCK WASTES











TRANSPORT 0F NITROGEN FROM STREAMS DRAINING INTO LAKE ERIE







Stream Sediment N03—N + N02-N Ammonia—N Organic—N KjeldahLN





















Sandusky 270 5170 852 213 35.1 394 64.9 607




































































































































































































































































































































































































































































































































































































































































































































































































































may range from as high as 100:1 for some straw residues to as low
as 20:1 for some of the legumes
(Brady, 1974).
Bacteria and other
microorganisms have a ratio of about 9:1.
During the heterotrophic
decomposition of organic materials, mineral N (N03—N) may be assimilated
or released depending on the C/N ratio of the mineral being decomposed
(Figure 5).
Much of the N assimilated by the heterotrophs will be
mineralized as these organisms themselves die and are decomposed.
The
N not mineralized becomes part of the solid phase (soil or sediment)
as organic matter with a C/N ratio of about 10—12:l.
This nitrogen
is quite resistant to further decay.
The C/N ratio of decomposable
material in transport will determine if there is a net gain or loss
of N from the system due to microbiological transformations.
SEDIWENT-NITROGEN TRANSFORMATIONS DURING FLUVIAL TRANSPORT
a)
During Storm Runoff — during periods of maximum transport in the
early spring, biological nitrogen transformations will be minimal
due to the short transport intervals and cooler temperatures.
191
     
Residues with highC/ N
Residues with law
ratio added to soil here 0/N ratio remain
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 the Smithsonian Institution's work primarily in the Chesapeake Bay area. We
are participating in that study again with the idea of calibrating on a
regional basis the R model with this kind of concept. The U.S. Department
of Agriculture is involved in that with some of their continuous simulation
approaches. 1 think they are going to look at ACMO and some of the other new
models they have developed recently. So we again are hoping to "piggy-back”
onto many researchers for this kind of work. I just want to indicate that
there is a lot of work underway in some of these data gap areas that may
directly relate to the problems of the Great Lakes, even though they are not

































































































































































































































































































































in the context of the
total system before one component of
this system,
i.e.,
the adsorbed and sediment—associated phase can be isolated
and considered separately.
The current gaps in present
knowledge relative
to this workshop's objectives are





interaction will not be discussed
separately but within the context of the dominant environmental and pesticide




     
  














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
Table 2.
Insecticides in Ontario, Canada and the U. S.
 
Major regulatory action limiting agricultural use of Organochlorine
 
Ontario, Canadal/ United Statesg/
Actionzl Date Actioné/ Date
Aldrin Restricted 1969 Cancelled 1972
BHC Never registered for — To be reviewed 1976
agricultural use
Chlordane Being reviewed at 1976 Suspended 1975
Federal level
Dieldrin Restricted 1969 Cancelled 1972
DDD Restricted 1970 Cancelled 1971
DDT Restricted 1970 Major restrictions 1969
Cancelled 1972
Endrin Restricted 1972 To be reviewed 1976
Heptachlor Restricted 1969 Suspended 1975
Hept. Epox. Never registered — Suspended 1975
Lindane No restriction - To be reviewed 1976
Methoxychlor No restriction - No restriction -
Mirex Never registered - Restricted to non 1971
food crops (intent
to ban)
Toxaphene Restricted at 1972 No restriction -
Federal level
1/
— Agricultural Pollution of the Great Lakes Basin, Combined Report of Canada and
the United States, 1971.
Office Publication l3020-——07/7l.
2/
— The Pesticide Review by D. L. Fowler and J. N. Mahan.
tion and Conservation Service, USDA, 1968 to 1975 (annual publication).
private communication from J. Ellenberger, Regulatory Entomologist, EPA,
Washington, D. C.
3/
Environmental Protection Agency, Water Quality
Also private communication from Dr. R. Frank
Ontario Ministry of Agriculture and Food, University of Guelph, Guelph, Ontario
Agricultural Stabiliza-
Also








Initiate process that can lead to suspension or cancellation.











































































































See Table l for references.
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 U = Unknown: L
- Laboratory Stu
dy; F - Field St








e required for t
he original pest
icide concentrat




tion lethal to 5
01 of the popula
tion exposed for
a given number o
f hours. Hours
are in
parenthetical statement. Kd is
the equilibrium concentration a
dsorbed on the soil or organic c
arbon (0C) divided by that in
solution.
‘l-llldmaker, J. N. 1972. Decompo
sition: Quantitative Aspects,
Chapter I. 3 Organic Chemicals





Z“Edwards, C. A. 1972. Insecti
cides, Chapter 8 I_n Organic Che
micals in the Soil Environment:
Vol. 1. Marcel Dekker.
New York.
g/l'imcntcl, D. 1971. Ecologica
l Effects of Pesticides on Non—
Target Species. Executive Offic





é/Eiocause no experimentally det
ermined values available, approx
imate Values based on relative m
obilities are provided (see
Table 8).







ﬂ/Stewart, B. A., Woolhiser, D.
A., Nisehmcier, W. IL, Caro, J.
IL, and H. H. Frere. 1975. Con
trol of Water Pollution from
Crupland. Vol. 1. A Manual for
Guideline Development. ARS Repo
rt ARS—H-S-l or EPA Report 600/
2—75-026a. 111 pp.
Ono-half life was calculated to
be approximately one—third of th
e times listed. These times wer
e basedon 901 or greater
disappearance. A8 or 96 hr LCSO
for Bluegills or Rninbou Trout.
1/Caro, J. H., Freeman, H. P.,
and B. C. Turner. 1974. Persis
tence in Soil and Losses in Runo
ff of Soil—incorporated
C rbaryl in a Sm
all Watershed.
J. Agr. Food Che
m. 22(5):860—863
.
£1'/Ah]rlchs. .l. l.., Chandler, l..
, Monke, E. 1., and H. W. Reusze
r. 1970. Effect of Pesticide
Residues and other Orgsno—
toxicants on the Qaulity of Surface
and Ground Water Resources. Tec





2/Vn:lsicol Company. 1972. Phos
vel Insecticide General Bulletin
. Bulletin No. 09—070—001A. V




‘l—Q/LlIJhLEIlSCL’in. E. P. 1971.
Persistence and Face of Pestici
des in Soils, Hater and Crops:
Significance to Humans ﬂ
Fate of Pesticides in the Enviro
nment. Vol. Vl. pp 1-22. A.































































































































































































































































































Because these are not
available for many pesticides,
a rough correlation
was observed between K
and the relative mobility of pesticides
in soils
(Table 8) which was used
to approximate missing data in Table 5.
This




include vegetation and fish in addition to sediment and water.
These biotic
phases often concentrate pesticides by
an order or several orders of magnitude
above that found in sediments.
The K
is expected to be useful for:
a)
estimating zones of accumulation or pesticide distribution among phases;
b)
identifying primary transport mechanisms for modelling purposes; or
c)
indicating which pesticides are most susceptible to irreversible sorption
or most likely to exhibit increased persistence and reduced toxicity upon
adsorption.
 
The K between water and sediment may be especially useful for
making some rough cut decisions regarding erosion and fluvial transport of
selected pesticides (Figure 2).
This figure shows how Kd influences the Z
total pesticide load carried by the sediment fraction relative to the suspended
sediment concentration.
1 Short Theory, Techniques and Practical Importance of Leaching and Adsorption
Studies, Proc.









































































































































































































































































































































































































































































































































































































































































































































ﬂWashoff losses of pesticides are likely to be predominantly
associated with the eroded rather than the aqueous phase at or above rela—
tively low de, e.g., 100.
However, once eroded, the initial transport
will be heavily weighted toward the aqueous phase unless the Kd is 1000 or
more with reasonably high sediment concentration, i.e., over 500 mg/l for
the larger Great Lakes tributaries.
Further transport downstream increases
‘
the likelihood of dilution by other water exhibiting lower sediment concen—
tration.
From Figure 2, hydrologic dilution of the pesticide by 10 times
substantially shifts the pesticide load to the aqueous phase unless the K
’
equals or exceeds 10,000.
The dilution
factor has
to be very large,
e.g.,
§






if a dynamic equil—
ibrium exists between fluvial sediment and the aqueous phase, and the K
W
is large, substantial and perhaps rapid pesticide losses may occur because
of pesticide adsorption on exposed stream banks and bottoms and associated
vegetation within relatively short travel distances.
Usually the K
for
most pesticides used today is 1000 or less, thus weighting the load trans—
ported to the aqueous rather than adsorbed phase (Figure 2).
However,
adsorptivity or oganic matter may be 10 to 1000 times greater than that for
soil (Table 5). Thus, in situations where organic soils, organic sediments
or transported organic materials predominate, transport may be heavily
3‘“
weighted toward a sediment fraction of low density. Such highly adsorptive
"
systems are usually primary candidates for investigation related to irre—
;ﬂ
versible adsorption, increased persistence and decreased bioactivity due to
.4
adsorption. The same consideration would apply to highly polluted stream
f
sediment to which the pesticide distribution could be greatly altered.
111
Table 9 summarizes these three properties for the pesticides orig—
inally chOSen according to the survey.
From this table, both chlordane and toxaphene potentially provide
both upstream impact (toxicity) and downstream impact (persistence), being
primarily lost by erosion and transported in both the aqueous and sediment
phase. Azinphosmethyl, phorate and diazinon potentially provide upstream
impact only, because although they are toxic they lack persistence. They
are lost primarily by erosion but transported primarily in the aqueous
phase. Thus, hydrologic dilution likely dominates the concentration of
this material downstream and this concentration dissipates rapidly. Dursban
does potentially provide upstream impact and is transported primarily in
the aqueous phase. The persistence was not known. The impact of phosvel
and carbofuran is limited to upstream areas because of low persistence.
The persistence for bux is unknown. The remaining compounds are not likely
to be of concern.
Thus, this whole approach provides some guidelines for research:
Firstly, these compounds which are important on the basis of use; secondly,
the identification of the important pesticidal properties and how they might }
indicate particular research needs and provide research emphasis assuming
normal environmental conditions. This kind of approach not only attempts
to direct attention to the most environmentally hazardous properties of
a compound but also points out weak or missing data needed to make some of
these basic assessments and perhaps provide some insight. However, this





   
Table 9. Selected pesticides grouped according to combinations of propertie&















Chlordane I I I
Toxaphene I I I
Azinphosmethyl I III II
Phorate I III II
Phosvel I III U
Dursban I U III
Methoxychlor I U U
Diazinon I, II III II
Bux II U U























































































































































































only treated properties under standard or a selected set of
environmental conditions.










watershed could substantially alter the potential environmental hazard of
those pesticides earlier identified by answering the previous two questions?
Answering
this third question assumes that



























identified and their impact researched.
This
investigation would apply to those pesticides of intermediate persistence
or toxicity as determined from answering questions 1 and 2.
These could
include the effect of:
pH changes from field to stream to lake (persistence
and redistribution
between phases of pH-dependent charged pesticides);




















tribution of pesticides in this phase; exposure to organic soils and
sediments on toxicity, persistence and adsorptivity, etc.
Obviously, the
criterion of reasonability should be followed regarding the likelihood of
these conditions existing and their severity.
The test conditions chosen





is used extensively or in increasingly
larger amounts,
is known to be
toxic to selected aquatic organisms, and
is
either persistent or has an intermediate half-life that may be extended by
adsorption and/or abnormal environmental conditions
that are known to occur





Better surveys of individual pesticide usage on an annual basis are
needed in order to establish present usage and trends in usage.
This
should be assembled by the IJC according to subwatershed divisions
within the Great Lakes Basin.
2.
The organochlorine insecticides should not be the subject of new
research unless justified on the basis of present and projected
use in the Great Lakes Basin.
3.
The pesticides selected on a usage or use trend basis should be
further evaluated according to persistence, toxicity, and adsorptivity
under some set of standard conditions.
Synergistic effects on selected
key aquatic organisms should be evaluated where justified on pesticide
use basis.
Then the "nonstandard" but reasonably expected local
environmental conditions that substantially alter persistence and
toxicity occurring downstream from application areas should be
identified and researched.
An exhaustive literature review could
supply much of this information.
215






























































































































































































































































































































































The way you are going at the pesticide issue is usage.
Is
it possible or thinkable to go at it the other way? Weare interested in
those pesticides or those types that are bio—accumulating in the environment.
Could one go and take certain test organisms or test fish or something else
at a lake and measure them for the range of these things, and if they are
not accumulating, not worry about them?
Dr. H. Pionke: I wasn't really suggesting that we start on a full—blown
programme, collecting all these numbers. I am saying that in certain cases
there are probably missing data that could be supplied. I think that some of
the EPA people would like to speak to this, but I think there is already a
movement afoot to try and get some of this basic information. As I mentioned
earlier, this is in the context again of the IJC. We are talking about the
Great Lakes watershed. There are many compounds in use across the country.
They are not used in any amount on the Great Lakes watershed. I think if
you turn it around and get the cart before the horse and start talking about
what compounds could create a potential problem without asking whether or not

























































































































































































































































































































































































































































































































































































_Two effects, however, must be considered when sediment analyses
are used for the identification of sources of pollution. Firstly, under
conditions of high water discharge, erosion of the river bed takes place,
and generally leads to a lower degree of local contamination. Lézlé”, for
example, obtained data from the Sajo River, Hungary, which indicated that
three months after a flood, the mercury concentration in bottom sediments
had been reduced to approximately one—quarter of the values found immediately
before the flood. Secondly, it is often overlooked that it is imperative
to do base metal analyses from river sediments on a standardized procedure
with regard to particle sizes, since there is a marked decrease in the
content of metals as sediment particle size increases. An example is given
in Figure 1, indicating the concentrations of cadmium in different grain size
fractions of sediments from the highly polluted Rhine and Main Rivers in
the Federal Republic of Germanylo.
Maximum concentrations of Cd occur in
the fractions of 0.2 pm — 0.6 pm; from there the metal contents decrease
both toward finer and coarser grain diameters (relatively high levels of Cd
in the sand fractions are probably due to the input of coarse waste particles).
Several methods have
been introduced in order to include most of
the substances active in metal enrichment, i.e., hydrated oxides, sulphides,
amorphous and organic materials, but to exclude coarser—grained sediment
fractions which are largely chemically inert: (i) reduction of grain size
effects, e.g. the pelitic fraction of < 2 pm diameterll, by extrapolation
from the grain size distribution12 or by correction for the specific surface
areal3; (ii) selective chemical treatment for the extraction of acid-
soluble fractions by including 0.1 M hydrOChloric acidl“, 0.1 M nitric
acid15 and aqua regia/ignition losslb procedures; (iii) using mineral
separation techniques as exemplified by the quartz correction methodl’;
(iv) taking conservative elements, e.g. aluminum, silicon, potassium, and
sodium as a reference base for cultural metal inputsle’lg. The question as
to which trace metals are characteristic of nonpoint or diffuse sources,
which is of particular interest to the present Workshop, cannot be answered
4 to any degree of satisfaction. In areas of heavy environmental pollution
such as highly industrialized areas, one generally finds high levels of
lead, zinc, mercury and cadmium in the river deposits whereas at the same
time other metals such as iron, manganese, nickel, and cobalt have only
increased insignificantly in comparison. High levels of chromium, cadmium
and copper can usually be attributed to industrial wastezo, particularly
from the tanning and electroplating industries; enrichment of lead and zinc
can usually be connected with diffuse sources such as atmospheric emissions
in the case of lead, and urban sewage effluents for zinc21. Apart from
this, the temporally changing influence in the various catchment areas as
well as seasonal effects must be taken into consideration as was done by
Schleichert22 in his study on the metal transport of suspended matter in
the Rhine.
 
CHEMICAL FORMS OF TRACE P’ETALs IN FLUVIATILE SEDINENTS
The ratio of heavy metal distribution between the aqueous and solid
phases is subject to change due to a general shift of equilibria toward
the solid phase. Thus, the total amount of heavy metals in solution gen-
erally diminishes along the course of a river during normal flow conditions.
This is of importance for the elimination of dissolved wastes, e.g. from
metal processing (electroplating, galvanizing), the removal of trace metals
from the aqueous phase being effected by mechanisms such as sorption,






In spite of their different origins, environmentally related




















Heavy metals are transported and deposited as major, minor
or trace constituents in the natural rock detritus, mostly
in inert positions .
Slight alkalinity prevailing in normal surface waters results
in the formation and precipitation of hydroxides, carbonates,
sulphides and phosphates of heavy metals.
Sorption and cation exchange particularly takes place on
fine-grained substances with large surface areas. A generalized
sequence of the capacity of the solids to sorb heavy metals was
established by Guy & Chakrabartiz“ in the order
MnOz > humic acid > hydrous iron oxides > clay.



























































copper was preferentially sorbed (53%), followed by zinc (21%), nickel
(14%), cobalt (82) and manganese (AZ).
(4)
(5)
Dissolved organic polymer is increasingly being regarded as a

















humic acids (fulvic acids) play an especially important role
in the bonding of heavy metals in aquatic systemsbecause of
their large number of functional group527. In a summary of
organic matter-metal interactions in recent sediments, Nissen —









































































































































































































appears to be an important mechanism controlling the metal
concentrations in the aquatic environmental’az. Experiments on
calcium carbonate precipitation in the presence of heavy metal
ions33 indicated that heavy metal carbonates having a low solu-




CARRIER SUBSTANCES AND MECHANISMS OF HEAVY METAL BONDING
 
Minerals of natural rock debris
metal bonding predominantly
(e.g. heavy minerals) in inert positions
Heavy metal
— hydroxides
Precipitation as a result of
— carbonates
exceeding the solubility product
- sulphides










Residual organics Chemical sorption




(exchange of H+ in fixed positions)
Hydroxides and oxides Co—precipitation as a result of
of Fe/Mn exceeding the solubility product
pH Physico-sorption
Pseudomorphosis
(dependent on supply and time)
Calcium carbonate Co—precipitation
(incorporation by exceeding the
solubility product)




from the solution as a result of co-precipitation with calcium
carbonate (Table 3). Examples from the heavily polluted Elsenz
River (a tributary to the Neckar River) and the Elbe River in
West Germany have demonstrated the actual importance of co—
precipitation phenomena with hydroxides of iron and calcium carbonate
in the natural environmentak’35. The presence of large amounts
of iron hydroxide in the Elsenz River was caused by the mixing
of normal Elsenz water with alkaline waste water from a local
galvanizing industry. The measured concentration of heavy
metals found in iron hydroxide concretions are far higher than
the concentrations found in the clay-sized fraction of the
surrounding Elsenz sediments. Compared to this surrounding
clay-sized sediment fraction, heavy metal enrichment by factors
of up to 30 times for Cd, 17 for Zn and 1.4 for Cu were measured
in the iron hydroxide concretionsak. Groth's36 investigations
on the co-precipitation of trace metals with hydrous Fe/Mn
oxides (also taking the competition of organic complexing agents
into account), indicated an almost complete co—precipitation of
copper occurring under all conditions, whereas zinc and cobalt
are precipitated to a much lesser extent in the presence of strong
EDTA complexing agents than of natural organic chelating substances
(Table 4).
In contrast to iron hydroxide, calcium carbonate was found to have
concentrated heavy metals far less than those found in the
surrounding clay size Elbe sediment fractionas. Calcium carbonate
coatings had been formed locally in the Elbe River as the result
of mixing effects upon the contact of normal Elbe River water
with alkaline waste waters from a local Dow Chemicals Plant.
Compared to the geochemical background values of heavy metals
in carbonate rocksa7, enrichment factors of approximately 10
times for Cd, 6 for Cu, 4.5 for Zn and 4 for Co were measured
in calcium carbonate coatings.
SELECTIVE EXTRACTIW PROCEDlRES
Many attempts have been undertaken for a selective extraction of
the different forms of metal association in both natural and polluted



















Goldberg & Arrhenius36 used EDTA to establish the partition of elements
between detrital igneous minerals and authigenic phases in pelagic sed—
iments. Arrhenius & Korkishl’o tried to separate the iron fraction of the
ferro—manganese nodules with l M hydrochloric and dilute aceticacid.
Chester & HughesH distinguished the lithogenous and non—lithogenous com—
ponents in recent aquatic sediment by acid—reducing l M hydroxylamine
hydrochloride + 25% acetic acid; this method reached particularly wide
application in marine geochemistry“2_”“. A combination of different
extraction procedures was first used by Nissen‘oaum"5 for sediments from the



















Amazon and Yukon Rivers (Table 5b). Engler and co-workers“7 developed a
separation technique, particularly for dredged materials, precluding







CO—PRECIPITATION OF TRACE METALS WITH CALCIUM CARBONATE
-LOG L = NEGATIVE EXPONENTS OF THE SOLUBILITY PRODUCTS 0F METAL CARBONATES
Original Metal contents in the precipitate
concentration in Z of the original concentration
(pg/1) Cd Pb Co Zn Cu Ni
25 100 100 100 100 96 96
250 100 100 100 100 - 43
2000 100 100 96 96 75 -
-log L 13.2 12.8 12.0 10.2 9.85 6.85
TABLE 4
CO-PRECIPITATION OF TRACE METALS WITH Fe/Mn-HYDROXIDES
   
Solution
Percent of metal additive in the precipitate
Fe Cu Zn Co Mn
distilled water 981 952 142 472 802
lake water
no admixture (a) 99% 982 861 672 251
EDTA (b) 991 882 18% 251 252






































PHASE ACCORDING TO THE AUTHORS)
  
3. I‘lssrsmammL 1972
Treatment of sediment Ref. Chemical phase8
1) 30% H70; Perox. fraction
2) 2 N acetic acid (pH ~ 3) Acetic ac.—fraction
3) 6 N HCl HCl—fraction
A) Fuse with Na2C03 Residue fraction
2. CIBBSI 1973















































































1) IN ammonium acetate, sediment-pH
2) 1M acetic acid (G & CH)
3) 0.1M hydroxylamine hydrochloride
solution in 0.01M nitric acid
4) 30% hydrogen peroxide at 95°C,
extract with 1N NHuOAc, pH=2,5 or
extract with 0.01M HN03 (G & CH)
5) Sodium dithionite/citrate or




















































1 2) 0.1 N NaOH
3) COz—treatment




5) Digestion With HF/HC10u, HNOa Detrital silicates
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_Bay (Alabama), Ashtabula, Ohio (Lake Erie) and Bridgeport, Connecticut (Long
Island Sound) were investigatedua. Further modification of the Engler scheme
was performed by Gupta & Chen”9 and applied on sediments from Los Angeles
Harbor. Patchineelam differentiated the metal contents associated with cation
exchange positions, humic acids, carbonate minerals and hydrous Fe/Mn
oxides 2. The first three examples”’"6 compiled in Figure 2, represent
relatively unpollutedsystems (Dead Sea: 14 ppm Cu, 13 ppm Pb, 36 ppm Zn),
while both the latter areas”’32 are strongly contaminanted by heavy metals
(Los Angeles Harbor: 568 ppm Cu, 342 ppm Pb, 632 ppm Zn). In the example
of the Lower Rhine sediment32, two groups of metals can be distinguished
from a comparison of metal data of recent Rhine deposits with analyses of
ancient Rhine sediments obtained from drilling cores in the Cologne area20
High percentages of detrital fractions are found for those elements which
are less affected by man's activities, e.g. iron (3.0% in fossil Rhine
deposits — 3.42 in recent pelitic sediments of the Rhine), nickel (85 ppm —
165 ppm), and cobalt (14 ppm —35 ppm); on the other hand, lattice-held
fractions are very low for metals such as lead (30 ppm — 333 ppm), zinc
(115 ppm — 1558 ppm) and cadmium (0.3 ppm — 28.4 ppm). In the Rhine sed—
iments, lead, copper and chromium are particularly associated with the
hydroxide phases. These findings can be explained by the specific sorption
of lead to iron—hydroxides“, by the effective co—precipitation of copper
together with hydrous Fe/Mn oxides36, and by the absence of carbonate
phases of chromium in natural aquatic systems. The preferential carbonate
bonding of zinc and cadmium, on the other hand, can be attributed to the
relatively high stability of zinc-carbonate and cadmium-carbonate under the
pH—Eh conditions of common island waters55 as well as to the characteristic
co—precipitation of these components with calcium—carbonate. Copper and
cadmium contents are found to be closely associated to organic substances.
The metal fractions in cation exchange positions represent less than ten
percent of the total metal content associated to sediment. Similar results
were obtained by Gupta & Chen“9 particularly with respect to the low metal
concentrations in exchangeable form and to the sequence of metals associated
with detrital (silicate) minerals. The only exception is copper (98% in
detrital phase) of which only 10 to 14% is bonded to silicates in Nissenbaum's
study on the Sea of Okhotskhs.
THE [ELEASE OF TRACE METALS FROM RIVER SEDINENTS
Heavy metals which are "immobilized"56 in the bottom sediments of
rivers and dams constitute a potential hazard to water quality since they
may be released as a result of chemical changes in the aquatic milieu:
(1) Increased salinity of the water body leads to competition
between dissolved cations and adsorbed heavy metalions and
results in partial replacement of the latter. Such effects
should particularly be expected in the estuarine environment.
Apart from the highly complicated situation there57, however,
it was demonstrated, that the decrease in heavy metalconcen-
trations at the river/sea interface is caused by mixing processes
of polluted river particulates with relatively "clean" marine
sediments58 rather than by solubilization and/or desorption.
 
(2) A lowering of pH leads to the dissolution of carbonate and
hydroxide minerals and also — as a result of hydrogen ion
competition — to an increased desorption of metal cations.
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During the period September 1972 through September 1975, phosphorus
fractions and flow were monitored in a 300 km2 (126 miz) watershed in central
New York.
In addition several studies were made of composition and flow in
selected subwatersheds for portions of this experimental period.
The water samples were collected manually.
Sampling frequency was
concentrated during periods of high discharge rate. The total phosphorus in
the water was separated into three fractions according to the following
scheme.
Within 2 to 3 hours after removal from the stream, the sample was
centrifuged at high speed to remove particulate matter.
The untreated super-
natant was analysed immediately for inorganic phosphorus and this fraction
was labelled molybdate reactive phosphorus (MRP).
Another portion of the
supernatant was oxidized with persulfate and the results of this analysis
were labelled TSP.
Finally, samples of the particulate matter were analysed
for total phosphorus.
Hence we derive 3 fractions:
a) a molybdate reactive
fraction which is probably mainly dissolved inorganic phosphorus, b) a
fraction which includes the molybdate reactive plus organic phosphorus and
c) the particulate fraction which is primarily the phosphorus associated with
the suspended solids.
The total quantity of these various fractions carried out of the
watershed during a specified time interval (loading) was calculated as follows.
The concentration of MRP increased as discharge rate increased and the concen-
tration of MRP was higher on the ascending limb of the hydrograph relative to
the descending limb; hence, regressions of MRP on discharge rate and rate of
change of discharge rate were calculated and these regressions were used for
interpolation purposes. The loading of MRP was then calculated as the sum of
the product of discharge per 2 hours, times concentration calculated from the
regression. In general the difference in concentration between MRP and TSP
was relatively constant and seemed to vary in a random fashion about the mean
of 12 microgrammes P/l. The phosphorus content of the particulate matter
varied randomly about a mean of 0.112 P.
There are 3 aspects of the data which will be discussed in detail.
These are: l) The removal from solution of soluble phosphorus inputs from
point sources during movement downstream, presumably by reaction with the
streambed. 2) A procedure for allocating the loading of soluble phosphorus
to a) biogeochemical ("natural" or "background") sources, b) diffuse sources
associated with human activity and c) point sources associated with human
activity. 3) A rationale for the working hypothesis that the soluble phos—
phorus will have a major impact on the biology of lakes while the phosphorus





































































































































































































































































































































































































































































































































































































































































































































































regardless of precipitation intensity.






















































































Comparison of loading of total soluble phosphorus during selected
periods for 2 major subwatersheds (locations 15 and 16) and the
total watershed (location 1).
The areas of subwatersheds 15 and 16
are 147 and 104 km2 respectively and the area of watershed 1 is
330 kmz.
Note that during low discharge intervals, the MRP loading
from 15 and 16 was considerably higher than that at location 1,
even though location 1 included 15, 16 and an additional 78 km2
 
of area.
Location 16 includes the secondary sewage treatment plant.
Discharge at Kg P
location 1
Period (m3 x 10 6) 15 16 15 + 16 1
May 1974
through
October 1974 40 340 617 956 501
November 1974
through
May 1975 153 822 1026 1848 2356
May 1974
through
August 1975 210 1253 1803 3055 3065





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































         
TABLE 2.
ALLOCATION OF MOLYBDATE REACTIVE PHOSPHORUS (MR?)
IN WATER AT LOCATIONS 15, 16 AND 1 FOR THE PERIOD
MAY 1974 THROUGH AUGUST 1975.
1/ Human Activity
BGC Point Diffuse Total
Location kg Z kg 2 kg Z kg
15 565 45 95 8 590 47 1250
16 394 22 1100 61 310 17 1800
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Figure 1. The regressions of MRP concentration on fraction of












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 be of limited value in terms of estimating impact on lake biology. However,
total P in the photic zone of the lake is an important parameter, but it
should be noted that total P delivered by the stream and total P in lake
water are entirely different; in fact, the MRP and TSP fractions measured
in stream flow are probably comparable in many respects to total P in lake
samples.
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 DISCUSSION
Dr. T. Logan: You mentioned the method that you used for estimating the
labile phosphorus by using the equilibrium phosphorus concentration and
extrapolating to the amount that is desorbed. We have been doing more or
less the same type of procedure to find what fraction of the particulate
phosphorus might be bio—available. The only thing that bothers me about
that method is that it is time—dependent. It is the amount that you are
going to desorb in a given time which you pretty well define by your exper—
imental conditions. But if you consider the situation that might be
occurring in the lake, it is possible that you canregenerate additional
labile phosphorus if you let the sediment rest or put it through a rest
period. We have done some of this and in fact you can regenerate a consi~
derable amount of labile phosphorus. I want to know how we try and resolve
these types of problems.
Dr. D. BouZdin: The argument I would use is that we are interested in the
incremental effect on the phosphorus associated with the sediments that we
are adding. We assume that the sediments already there contain the phosphorus
that they inherited from the geological materials and that adding a fresh
batch really is not going to have too much influence on the lake. The thing
is, the new sediment coming in has this labile fraction that may in fact
have a much larger impact on the lake than the old sediment. That is our
rationale, and to be sure I would not say that what we did was the best.
It is a crude estimate and you can go into a lot of refinement with that,
and I think you probably should. The only point I am trying to make is
that it is not a very large fraction of the total sediment phosphorus that
we aredealing with. It is a relatively small fraction in our particular
case and I do not think this is something that you extrapolate everywhere.
Dr. T. Logan: The other point is, do you think that this labile phosphorus
is a sediment parameter? Do you see it changing with land use or ferti—
lization practices, manure practices, this type of thing, or is it more or
less determined by the soil characteristics?
Dr. D. Bouldin: I think it should very much depend on the kinds of treatment.
I would thinkthe suspended solids derived from a non-agricultural landscape


















































































































































































































































































Pesticides used in agricultural production eventually reach the
soil where they are acted upon by various processes. The chemicals may
be decomposed by chemical, biological, or photochemical degradation.
They are also acted upon by transfer processes such as adsorption, exu—
dation, retention and accumulation by organisms, adsorption by soil
colloids, and other surfaces, and movement in the vapour, liquid and
solid state through the atmosphere, soil, and water (1, 2, 3). In this
paper, we are concerned primarily with pesticides and particulate matter
that end up as sediment in water.
SEDIMENT
Soil sediment is defined as the solid material, both mineral
and organic, that is in suspension, is being transported, or has been
moved from its site of origin by air, water, gravity, or ice and has come
to rest on the earth's surface either above or below sea level (4). It
is by far the United States' single largest water pollutant, exceeding the
sewage load by some 500 to 700 times (5). About half of all sediment
originates on agricultural land (6) and some of it contains adsorbed
pesticides (7).
The properties of sediment influence its effect on the environment.
Physical properties, including size, density, and shape of the particles
affect the sediment movement. Coarse sediment is relatively inert, but fine
sediments composed of silt, clay, and organic materials are chemically
active and may absorb or desorb chemicals from solution. The bulk of the
sediment problem, however, is caused by the colloidal fractions of sediment.
The colloidal material may be a mixture of clay minerals, of the expanding
or nonexpanding type, and of organic materials ranging from relatively
hydrophilic and undecomposed to highly lipophilic and highly decomposed.
Little is known about the chemistry of sediment in field situations, but
information is available on the interaction of pesticides with various
soil colloids and specific adsorbents (3,8). It is also known that
radioactive materials from fallout selectively erode with soil sediment
and may result in higher concentrations of radioactivity in reservoir
deposits (7) and there is a good possibility that an analogous situation
is occurring with pesticides. A recent survey along tributaries of the
lower Mississippi River revealed isolatedbottom sediment deposits con—






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(ppm) (mm Hg @ 25°C)
>105 10‘2
25,000 1 x 10'“





92 2.2 x 10 3
370 3.4 x 10 2
60 3.5 x 10 2
90 1.0 x 10 2
23 4.5 x 10 5
42 <10'6
90 <1o’°
230 5 x 10'7
0.2 10‘5
10 5 x 10'3
10 1.3 x 10'“
10’“
0.001 1.9 x 10'7
0.25 2.7 x 10"









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Sheets gt a1. (25) found, where 2,4—D, 2,4,5—T, picloram, or
dicamba was applied to small plots in a mountain watershed, maximum con—
centrations of 2.55 ppm, 0.68 ppm, 4.19 ppm, and 0.16 ppm, respectively,
occurred in surface runoff during the first or second event after appli-
cation.
BIOACTIVITY OF ADSORBED PESTICIDES
Biological availability of bound pesticides is dependent upon the
type of pesticide and colloidal sediment involved (2, 1?). Pesticides that
are weakly adsorbed to the surfaces of colloidal sediment, such as the
phenoxy acid herbicides, are readily desorbed into the surrounding aqueous
environment and dissipate primarily through dilution. Pesticides, such as
diquat and paraquat, that are adsorbed on the internal surfaces of expanding
types of clay colloids are not released to the aqueous phase and are not
available to organisms. Pesticides that are very water insoluble are normally
adsorbed to the surface of lipophilic sediment. They are in equilibrium
with the surrounding aqueous environment and are released or degraded chem—
ically or biologically, except in those cases where the chemicals have
become part of the organic collodial matrix. The majority of pesticides are
intermediate in biological degradability in the bound state. They are in
equilibrium with the surrounding dynamic media which tends to desorb them
and make them available for degradation.
CONCLUSIONS
The extent to which pesticides applied to agricultural lands may
pollute runoff water and the eroding sediment depends on the physical,
chemical, and biological properties of the chemicals, the intensity and
duration of the rainfall, and edaphic properties such as soil cover, soil
type, and slope.
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of Organic Pesticides in the Aquatic Environment, Chapter 4,































































































Clay Colloids and Factors Affecting Plant Availability. in










































































































































































































































































































































































   
 Geochemistry of Sediment/Water Interactions of Nutrients,




A knowledge of an element's behaviour at a sediment—water interface
is of prime concern in the development of an understanding of what may bethe
significant chemical controls on that element's dispersion and perhaps upon
its fixation into sediments.
Allied research on the transport of elements in solution as com—
plexed species has received wide attention in the geochemical literature.
Pitwell (1973) has concluded that the most common complexing ligands present
in groundwaters are water itself, carbonate, chloride, fluoride and some
organic acids. Taken to their extreme limits, processes by which metals are
mobilized, transported, precipitated and remobilized are considered important
steps in the formation of sedimentary sulphide orebodies. Saxby (1973) has
suggested that on diagenesis, metal—organic complexes may eventually form
concentrations of metallic sulphides.
However, this discussion is concerned primarily with the nature of
the dynamic interactions, mainly chemical, which affect the cycling of a
given trace metal ion or its compounds through fluvial systems.
Firstly it is necessary to deal with organic matter and its involve-
ment in such interactions, and then with the influences of certain hydrous
metal oxides. In nature, these might be regarded as two relatively pure
systems representing end—members of a full spectrum of interactions in which
practically any substance present can be regarded as a participant in dis-
persion processes.
For example, organic matter predominates in the flat—lying terrain
of the tree covered sectionof the Canadian Shield and Interior Lowlands.
Streams are commonly fed by waters from swamps, marshes and muskeg. The
residence time of waters within organic trash ensures considerable dissol—
ution of humic materials. Silts and clays are often covered with finely
divided organic matter. By contrast, stream sediments from the far north of
Canada and from the alpine Cordilleran regions are generally clean of organic
matter; waters derived mainly from snow melt contain very little dissolved
organics and adsorption of metals directly into clays, rock flour and hydrous
metal oxides and dissolution of mineral particles are the predominant water—
sediment interactions.
FETAL INTERACTIONS
(a) Interactions Involving Organic Matter
Within surficial waters the most significant form of metal—organic
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 mechanisms of reaction can help to predict solution equilibria. Faster reactions
involving the formation of kinetically more labile complexes could be studied
by means of techniques such as stopped—flow spectroscopy.
By using anodic stripping voltammetry or pulse polarography or
electrophoresis methods in combination with other experimental techniques,
considerable data on elemental speciation could be gathered (Raspov et al.,
1975).
Bilinski gt El. (1976) have measured stability constants for—some
hydroxo— and carbonate—complexes of Pb (II), Cu (11), Cd (II), and Zn (II);
important species in most surficial waters and certainly in groundwaters.
Benes and Steinnes
(1974) have described in situ dialysis experiments which
permit determination of truly dissolved and colloidal forms of trace elements
in natural waters.
The more such research which can be done on site, the
better.
 
Field studies on the effects that interactions between trace metals
and organic matter have on dispersion processes are not commonly encountered.
De Groot (1971) and de Groot et 31. (1971) have published
extensivedata on
the Rhine River system. The Rhine has been subjected to industrial pollution
and as a consequence, the reported Hg, Zn, Cr, Pb, Cu and As levels of the
fluvial sediments were high. But downstream from the freshwater tidal area,
a pronounced remobilization of these elements into solution was observed.
It was considered that the change in chemical conditions, e.g., oxygenation
and increaSed salinity, prompted intensive decomposition of the sediment
organic materials which were retaining these metals. From this de Groot
concluded that the formation of soluble metal-organic complexes was mobilizing
the pollutant metals from the sediments. It is interesting to observe in de
Groot's data that the order of remobilization of the metals, Hg > Cu > Zn >
Pb > Cr > As > Co > Fe, is roughly the reverse of the solubilities of simple
sulphides. Therefore it seems likely that the greater complexing affinities
of e.g., Hg (11) and Cu (II) towards soluble organic matter are more important
kinetically than their sulphide solubilities. It has also been suggested that
dilution by incoming sediments carried by ocean tides is partly responsible
for the apparent mobilization effects. This may be true, but does not account
for the observed sequence of elemental mobilization.
The release of heavy metals from river bottom sediments has been
studied in the laboratory mainly with the use of radioisotopes. For example,
Co-60 has been used in the Danube River (Radosavjevric £5 51,, 1973); Mn-54,
Zn—6S, Sc-46, Co—60 and Hg—203 have been used in the Columbia River, (Lenaers,
1971; Bothner and Carpenter, 1973).
One of the more interesting studies of metal—sediment interactions
in stream systems is described by Jackson (1975). He designed model laboratory
experiments over a pH range 4 to 9 to simulate interactions in the system:
dissolved metal ion—clay -dissolved natural organic acids. The objective was
to compare results with data from field studies within carefully selected
stream systems. Interferences due to the presence of dissolved carbonate
were also observed. The ability of soil-derived humic and fulvic acids to
desorb metal previously adsorbed on clay and also metal from metal hydroxide
precipitates, was investigated. Cu (11), Pb (II), Zn (II) and Ni (11) cations

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 ppb after about
3 miles dispersion.
Dissolved Fe or Mn
was generally less





identical to the Hackett River water-
shed except
that the underlying volcanic
rocks are devoid of carbonate
minerals.
The effects on pH are immediately apparent (Figure 4) at source,
pH is commonly between 3 and 4 with Fe reaching 800 ppb and Mn reaching 90
ppb.
As well dissolved Zn falls from about 1000 ppb to about 2 ppb over 5
miles.
Figure 4 also displays the change in pH down—drainage.
The work of Jenne, (1968) has shown that the main controls on Cu
and Zn dispersion relate to their fixation in hydrous Fe and Mn oxides
coatings or precipitates.
Cameron and co—workers observed that when Fe and
Mn were initially present at very low levels in the alkaline lake waters of
the Hackett River area near source, due to the presence of limy rocks restric—
ting mobility of those ions, the dispersion of soluble Zn and Cu through chains
of lakes was more extensive. This is attributed to the absence of an oxide
scavenger coprecipitating trace metals down—drainage. Thus dispersion can
be said to be enhanced in spite of the intially high water pH.
By contrast, in the Agricola Lake watershed where there is
little limy material to suppress acidity, initially high Zn and Cu were
accompanied into solution by initially high dissolved Fe and Mn. Rapid
hydrolysis of these ions resulted in the coprecipitation of Cu and Zn (and
As, Figure 5) into lake sediments as the pH increased with dilution.
Therefore dispersion was found to be much more limited than in the Hackett
River situation in spite of the initially high concentrations of Cu and Zn
and the very low water pH. Figure 4 also indicates that Zn begins to
appear in lake sediments when the pH exceeds 4.5, about 2 miles down—drainage,
i.e., when Fe and Mn oxides are forming as suspensions. Further transport
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The most important component of any




the order of attention given by PLUARG is answering the three questions should
be the reverse of the order in which they were posed.
From information presented at this Workshop it is apparent
that the
most important factors contributing to the complexity of the problems
are:
(l)
the virtual impossibility of tracing the sources and





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and then seeks to secure victory.”
    
 G. H. Bury
INTRODUCTION
It would be redundant for me to attempt to summarize, or to review,
the Workshop contributions on physical processes. Those attending have been
supplied with abstracts and with papers, have listened to the papers presented
and to the question—and-answer sessions, have laboured with the various work
groups, and have contributed to the recommendations which the work groups
will be making.
Readers of the final document will be presented with extended
abstracts of papers, and with the recommendations that emerge from the Workshop
as a whole. Rather than attempting to review, or to repeat, what is said
elsewhere, I propose in these comments to sound certain general themes, to
suggest a possible means of economizing on environmental monitoring, and to
draw attention to some possible dangers and difficulties in attempting to
forecast for the future.
WORKSHOP ACTIVITIES AND ATTITUDES
Like any good conference, this Workshop has led to the informal
exchange of knowledge and acquaintance. It has also led to, or at least dis-
closed the possibilities of, the interfacing of programs-— programs of re—
search, management, and regulation.
It has also revealed a broad range of viewpoints, particularly
perhaps among those interested mainly in physical processes. At the one
extreme comes the urgent need for practical action, in containing, reducing,
or even eliminating the discharge of sediments, nutrients, and contaminants
into the Great Lakes. At the other extreme comes the desire for long term
basic research, especially research into processes of erosion, transportation,
and discharge or sedimentation. The two corresponding extreme attitudes are
that of eliminating process studies altogether, in favour of implementing
immediate control measures, and that of considering control impossible, until
sources of input are identified and the processes of input are completely
understood.
Somewhat related matters are the high variability of observational
data, and the difficulty of extrapolating to large natural basins the results
obtained from small basins or from trial plots. Although it may verywell
prove necessary to do whatever is possible with the data already available,
divergent views on what actually is possible were reflected at the Workshop
in differing opinions on the potential of computer modelling. 0n the one
hand, soil loss equations can be run through a number of existing computer
programs. 0n the other hand, some researchers consider that the results
predicted by computer need careful reappraisal against what happens in the
real world. In addition, prediction of soil loss, however accurate, may by
no means foretell what actuallywill be moved out of the basin.
279
  
   
BASIN STORAGE
The residence time for nutrients and contaminants seems to be
reasonably well understood, in terms of water chemistry, soil chemistry,
biochemistry, and the half-lives of degradable substances. In addition,
considerable progress can be claimed in the study of the transportation of
chemicals actually attachedto sediment in transit. By contrast, very little
is known about the residence time in storage of sediment delivered to head—
streams, but not discharged at the basin mouth. Streams draining basins of
quite moderate size may deliver at their mouths as little as ten per cent of
the sediment fed into the headwaters. The undelivered fraction goes into
storage somewhere in the basin, presumably in large part as floodplain
alluvium.
There appears to be an urgent need, not only for the study of
storage of sediment, but also of the storage of sediment—associated nutrients
and contaminants. Little or nothing seems to be known of the distance through
which these materials can be carried, in time of flood, away from the stream
channel, of their concentration in floodplain deposits, or of their release
from storage if erosion supercedes deposition.
Tf sediment and associated materials be thought of as stored mainly
in the downstream part of a basin, then erosion control in the headwaters
could promote draining of the storage reservoirs. Before control, erosion in
the headwaters supplies abundant sedimentwhich tends to choke the lower
valleys. Control, by cutting off the sediment supply, could be expected to
reverse the response—~that is, to permit the downstream reaches to switch
from deposition to erosion, and thus to begin the removal of the stored
sediment.
There is in any case a gap of knowledge between the situation where












































































out what actually is discharged.
POSSIBLE USE OF SURROGATE OBSERVATIONS



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The major deficiency both of existing landuse-loadings models
and of site specific process-response studies of sediment production by
specific land use practice, is the inability to link upstream or source
water quality observations with river mouth loadings.
Although the prin—
ciples of sediment transport mechanics are well known, the downstream
movement and modification of sediment-related water quality variables are
poorly understood.
It is recognized that load modification is not only
related to physical processes but also includes biological and chemical
interactions.
In addition to poorly understood biochemical processes, it
is recognized that contemporary data are inadequate to meet the needs of
instream process research. These data inadequacies pertain both to poor
characterization of variables (e.g., particle—size, inorganic/organic
ratio, speciation of key components, aerosol input, etc.) and to lack of
definition of spatial and temporal variations associatedwith parameter
flux and with in—stream processes (such as sediment storage—remobilization
mechanisms, time of travel of particle—size classes, short (anthropogenic)
and long—term (climatic) variations in sediment flux and storage, etc.).
It is recognized that these inadequacies must be investigated in order that
extrapolation from loadings in source areas to loadings at river mouths
reflects stream process both in space and in time as the watershed undergoes
natural and anthropogenic perturbations.
DATA
Routine data on water quality and quantity have been collected for
at least a decade on both sides of the Lakes, and therefore a special effort
must be made to assess adequacy of historical data and to fully utilize them
within limits established by the assessment precedure. In conjunction with
the PLUARG (intensive and event—oriented) supplementary data collection,
there is need to examine historical and PLUARG data and collection procedures
for the purpose of:
(l) assessing the loads and the accuracy of load estimates for
sediment, pollutants and contaminants at river mouths (bearing
in mind the often non-linear discharge dependencies illustrated
by many variables);
(2) identifying the watersheds which have a major and deleterious
effect upon Great Lakes water quality;
(3) evaluating sampling technique, in terms of depth and flow de—
pendencies of problem substances, for identification of temporal
variation in load and the degree to which these data are site
dependent;
(4) updating parameter lists to indicate those recently identified
as either having a deleterious environmental effect or containing
information bearing upon in—stream process mechanisms (e.g., I
particle—size, organic/inorganic, metal speciation); }
(5) evaluating sampling network design so that in—stream load mod—
ification from source to mouth may be inferredand the spatial
and temporal resolution of loads and source-area contributions
may be identified.
287


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 PESTICIDES WORK GROUP
RESEARCH NEEDS RECOWENDATIONS
(1)
It is essential for the regulatory and other agencies in Canada
and the United States to know precisely the location,
names and
































the toxic effects of substances on biota
of the greatest importance to the Great Lakes Basin ecosystem.
This will ensure
that criteria for all substances in use or
developed for the future are assessed using the same criteria
and at levels likely to be found in the environment.
(3)
There is a need to document the case histories of such substances
as DDT and PCBs to ensure that mechanisms and transfers as well
as past analyses are thoroughly understood in order to develop
predictive models for substances of similar nature, but yet to be
developed or used.
There is little likelihood that any substances
will be as thoroughly studied and documented as the major pesticides
and derived products used since 1940. The knowledge concerning these
should be so firmly corroborated in respect to fluvial, point source
and aerial inputs and transformations that all future studies can
use the approaches or findings to extrapolate effects before crisis
develop.
(4) There is a need for more information on the relative importance
of the various routes by which organic contaminants enter into the
Great Lakes Basin ecosystem. This information is needed before
recommendations relating to land use can be seriously considered.
(5) The question of open-water disposal of dredged sediments was
raised but appears to be adequately covered by the report from
the International Working Group on the Abatement and Control of


























































































































































































































































































































































































































































































Dr. John R. Adams
Water Quality Management Program





Dr. Herbert E. Allen
Assistant Professor




P. O. Box 1157
Oxford, Miss. 38655
Dr. Eugene J. Aubert
Director
Great Lakes Environmental Research
Laboratory
2300 Washtenaw Avenue
Ann Arbor, Michigan 48104






The Ohio State University
1791 Neil Avenue
Columbus, Ohio 43210
Professor David R. Bouldin
Cornell University
Department of Agronomy
Bradfield and Emerson Halls
Ithaca, New York 14850
Mr. J. E. Brubaker
Agricultural Engineering Extensions
Branch







Mr. Thomas H. Cahill
Resource Management Associates
P. O. Box 740




Non Point Sources Branch
WH 554
401 M Street, S.W.
Washington, D. C. 20460
Dr. Y. K. Chau
Canada Centre for Inland Waters
P. O. Box 5050























































Guelph, Ontario NlG 2W1
Professor G. H. Dury
Department of Geography







Ann Arbor, Michigan 48104
Dr. Richard Frank
















Harrow, Ontario NOR 1G0
Dr. Walter A. Glooschenko
Canada Centre for Inland Waters
P. 0. Box 5050
Burlington, Ontario L7R 4A6
300
 








Ottawa, Ontario K1A 0C6
Dr. Leo J. Hetling
Environmental Quality
New York State Department of
Environmental Conservation
Research and Development Unit




Washington, D. C. 20250
Mr. R. C. Hore
Ontario Ministry of the Environmem
Water Resources Branch
135 St. Clair Avenue West
Toronto, Ontario MAV 1P5
Dr. Dale D. Huff
Building 3017
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830
Mr. Robert Johanson
Hydrocomp
1502 Page Mill Road
Palo Alto, California 94304
Dr. I. Jonasson




































Indiana Stream Pollution Control Board
Planning Section
310 W. Michigan Avenue
Indianapolis, Indiana
Dr. J. Knox





Dr. J. C. Konrad
Supervisor of Special Studies
Wisconsin Department of Natural
Resources
Madison, Wisconsin 53701
Dr. A. R. LeFeuvre
Canada Centre for Inland Waters
P. O. Box 5050
Burlington, Ontario L7R 4A6
Professor T. Logan












Dr. A. D. McElroy




Mr. William F. Mildner
U.S. Soil Conservation Service
Hyattsville, Maryland 20782
Professor M. H. Miller
Department of Land Resource Science
Ontario Agricultural College
University of Guelph
Guelph, Ontario NlG 2W1
Dr. H. V. Morley
Agriculture Canada
Room 1113
K. W. Neatby Building
Carling Avenue
Ottawa, Ontario K1A 0C6
Dr. M. D. Mullin
US Environmental Protection Agency
Crosse Ile Laboratory
9311 Croh Road







Mr. J. E. O'Nei11
Water Resources Branch
Ministry of the Environment
135 St. Clair Avenue West
Toronto, Ontario M4V 1P5




Mr. R. C. Ostry
Water Quality Management Branch
Ontario Ministry of the Environment
135 St. Clair Avenue West
Toronto, Ontario MAV 1P5
Dr. Richard R. Parizek
Department of Geosciences
Pennsylvania State University
University Park, Penn. 16802






























































































































P. O. Box 50























































































Windsor, Ontario N9A 6T3
































































P. O. Box 999
Ann Arbor, Michigan 48106

































P. 0. Box 5050
Burlington, Ontario L7R AA6


















Washington, D. C. 20460
Dr. J. R. Vallentync
















Ottawa, Ontario K1A 0H3
Dr. F. H. Verhoff
Route 7
Box 307




































Guelph, Ontario NlG 2W1




Exeter, England 5X4 aRJ
















Great Lakes Regional Office
100 Ouellette Avenue





















 Dr. R. Waybrant




















P. 0. Box 3028
Lansing, Michigan 48909
Dr. J. Weber
Department of Crop Science





Ottawa, Ontario KlA 0C6
303
Mr. C. M. Wood
Solid Waste Unit
Ontario Ministry of the Environment
135 St. Clair Avenue West
Toronto, Ontario MAV 1P5
Dr. Stephen Yaksich
Corps of Engineers
Department of the Army
1776 Niagara Street





Norman A. Berg (Chairman)
Associate Administrator
Soil Conservation Service
U.S. Department of Agriculture
P. 0. Box 2890
Washington, D. C. 20013
Ronald Waybrant
Water Quality Appraisal Section
Water Quality Division
Michigan Department of Natural Resources
P. 0. Box 30028
Lansing, Michigan 48909
L. Robert Carter
Coordinator of Environmental Programs
Office of the Assistant Commissioner
for Environmental Health




Research and Development Unit








The Pennsylvania State University




Surveillance & Analysis Division
Environmental Protection Agency
Region V
230 South Dearborn Street
Chicago, Illinois 60604
John C. Konrad
Supervisor of Special Studies




Division of Soil & Water Districts




Minnesota Pollution Control Agency
1015 Torrey Building
Duluth, Minnesota 55802
Gerald B. Welsh (Secretary)
Resource Development Division
Soil Conservation Service
U.S. Department of Agriculture
P. O. Box 2890
Washington, D. C. 20013
  
Murray G. Johnson (Chairman)
Director General
Ontario Region
Fisheries and Marine Service
Department of Fisheries & Environment
3050 Harvester Road
Burlington, Ontario L7N 3J1
R. L. Thomas
Director
Great Lakes Biolimnology Laboratory
Canada Centre for Inland Waters
P. O. Box 5050













Department of Fisheries & Environment
135 St. Clair Avenue West
2nd Floor
Toronto, Ontario MAV 1P5
R. Code
Ontario Ministry of Natural Resources







Ontario Ministry of the Environment 5
135 St. Clair Avenue West
Toronto, Ontario MAV 1P5
C. Martin Wood
Head, Solid Waste Unit
Ontario Ministry of the Environment
135 St. Clair Avenue West ‘




Ontario Ministry of Agriculture &
Food
Guelph, Ontario NlG 2W1
John Ralston
Head
Water Resources Planning Unit
Ontario Ministry of the Environment
135 St. Clair Avenue West
Toronto, Ontario M4V 1P5
John D. Wiebe (Secretary)
Environmental Assessments Coordinator
Ontario Region
Environmental Management Service ‘ ‘

















Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
 WORKSHOP ORGANIZERS
Dr. Leo J. Hetling
Director, Environmental Quality
Research and Development Unit




Mr. John N. Holeman
Sedimentation Geologist
United States Department of
Agriculture
Soil Conservation Service
Washington, D. C. 20250




Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830









Great Lakes Regional Office
100 Ouellette Avenue
Windsor, Ontario N9A 6T3
Dr. Richard L. Thomas
Director
Lakes Research Division
Canada Centre for Inland Waters
P. O. Box 5050
Burlington, Ontario L7R 4A6
Dr. Jack R. Vallentyne
Senior Scientific Advisor to the
Assistant Deputy Minister
Ocean and Aquatic Affairs
Fisheries and Marine Service
Environment Canada
580 Booth Street
Ottawa, Ontario K1A 0H3
 RESEARCH ADVISORY BOARD MEMBERSHIP
(AS OF OCTOBER 1976)
United States










Dr. Eugene J. Aubert
Director
Great Lakes Environmental Research
Laboratory
National Oceanographic and Atmospheric
Administration
2300 Washtenaw Avenue
Ann Arbor, Michigan 48104
Professor Leonard B. Dworsky
Civil and Environmental Engineering
Cornell University
302 Hollister Hall
Ithaca, New York 14853
Mr. Alvin R. Balden
l9 Alina Lane
Hot Springs Village, Arkansas 71901
Mrs. Evelyn Stebbins
Citizens for Clean Air and Water Inc.
705 Elmwood
Rocky River, Ohio 44116




Illinois Institute of Technology
Chicago, Illinois 60616
Professor Archie J. McDonnell
Department of Civil Engineering
Water Resources Research Center
The Pennsylvania State University
University Park, Pennsylvania 16802
Ex Officio
Mr. Carlos M. Fetterolf, Jr.
Executive Secretary
Great Lakes Fishery Commission
1451 Green Road
Ann Arbor, Michigan 48107
 Canadian
Dr. A. R. LeFeuvre (Chairman)
Director
_Canada Centre for Inland Waters
Environment Canada
P. 0. Box 5050
Burlington, Ontario L7R 4A6
Mr. Arnold J. Drapeau
Professor
Ecole Polytechnique
Campus de L'Universite de Montreal
C.P. 6079 — Succursale "A"
Montreal, Quebec H3O 3A7
Mr. H. R. Holland
462 Charlesworth Lane
Sarnia, Ontario N7Y 2R2
Mr. Paul D. Foley
Coordinator
Development and Research Group
Ontario Ministry of the Environment
135 St. Clair Avenue West
Toronto, Ontario MAV 1P5
Dr. J. C. N. Westwood




Ottawa, Ontario K1N 6N5
309
Mr. J. Douglas Roseborough
Director
Fish and Wildlife Research Branch
Ontario Ministry of Natural Resources
P. 0. Box 50
Maple, Ontario LOJ 1E0
Mrs. Mary Munro
3020 First Street
Burlington, Ontario L7N 1C3
Dr. J. R. Vallentyne
Senior Scientific Advisor
Ocean & Aquatic Affairs
Fisheries & Marine Service
Environment Canada
580 Booth Street
Ottawa, Ontario K1A 0H3
Ex Officio
Mr. Floyd C. Elder
A/Head, Basin Investigation and
Modelling Section
Canada Centre for Inland Waters
Environment Canada
P. 0. Box 5050
Burlington, Ontario L7R 4A6
Secretariat Resgonsibilities:
Dr. Dennis E. Konasewich
Scientist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
  
INTERNATIONAL JOINT COMMISSION




   
I
;
i
g
l
a
x
z
m
.
5
;
.
”
